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SECTION I 

GENERAL DESCRIPTION 


1-1. SCOPE . 

This technical manual describes the installation, operation, theory of operation, and 
maintenance of the Ampex TM-11 Tape Transport. (See Figure 1-1.) Section I includes a 
general description of the equipment and lists performance characteristics . 


1-2. GENERAL DESCRIPTION . 

The tape transport moves computer grade magnetic tape across a dual-stack magnetic 
read/write head assembly, in response to commands from either an operator control panel 
or from remote equipment. Tape is moved in either the forward or reverse direction, or 
held at a standstill by a servo -controlled direct -drive capstan. 

The capstan draws tape from the storage loops in the vacuum chambers . The reel 
motors are servo -controlled to maintain the correct supply of tape within the chambers. 

The tape is held in contact with the capstan by uniform tension derived from the 
vacuum columns. The vacuum columns remain active during the rewind operation to provide 
the tension required to ensure proper tape packing. Precision air -lubricated tape guides 
ensure accurate tape tracking; a positive pressure system provides the lubricating air -flow 
to the tape guides . 

The read/write head assembly reads information from the tape (to external equipment 
or the optional data electronics) and writes information on the tape (from external equipment 
or the optional data electronics). 

A two -channel photosense head detects reflective markers fixed to the tape. The photo 
sense signals are amplified and are provided to the transport control electronics, the data 
electronics (option), and the external equipment. 

Electro -mechanical interlocks protect the operator, the tape, and the equipment in 
the event of failure. Programming is inhibited while the equipment stabilizes and the vacuum 
and positive pressures build up. 

The optional data electronics is described in the Data Electronics Technical Manual. 

1-3. PERFORMANCE CHARACTERISTICS . 

Performance characteristics for the tape transport are listed in Table 1-1. Perform- 
ance characteristics for the optional data electronics are listed in the Data Electronics 
Technical Manual . 
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Figure 1-1 

TM-11 Tape Transport 
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TABLE 1-1 

TM-11 TAPE TRANSPORT PERFORMANCE CHARACTERISTICS 


TAPE WIDTH 

1/2 inch tape 

Ampex, IBM, or NAB reels 

TAPE SPEEDS 

120 ips standard 

75 and 112.5 ips optional 

REWIND SPEED 

2400 ft in less than 100 seconds 

START/STOP TIME 

120 ips; 3.8 ms 
112.5 ips: 4.0 ms 
75 ips: 6.0 ms 

START DISTANCE 

0. 225 inch nominal 

STOP DISTANCE 

0. 225 inch nominal 

LONG TERM SPEED VARIATION 

±3% or less of operational speed 

INSTANTANEOUS SPEED VARIATION 
SHORT TERM 

ISV = ±3% or less of operational speed 
10 ms after start command 

INTERCHANNEL TIME DISPLACEMENT 
(STATIC SKEW + 1/2 DYNAMIC SKEW) 

120 ips: 4. 11 psec max 
112.5 ips: 4.40psecmax 
75 ips; 6.56 psec max 

STATIC SKEW (MAX) 

120 ips - 3.36 psec 
112.5 ips =3.60 psec 
75 ips =5.36 psec 

DYNAMIC SKEW (P-P) 

120 ips = 1.5 psec 
112.5 ips = 1.6 psec 
75 ips = 2.4 psec 

POWER REQUIREMENTS 

Voltage: 115 VAC nominal (standard) 

230 VAC (optional) 
Frequency; 48 to 62 cps 

























1-4. MAJOR ASSEMBLIES. 


The major assemblies of the TM-11 Tape Transport are the cabinet blower assembly, 
the cable assemblies, the capstan servo assembly, the control electronics assembly, the 
optional data electronics, the electronics frame, the enclosure, the input/output panel, the 
logic power supply, the optional operator control panel, the reel servo assembly, the tape 
deck, the vacuum blower housing assembly, and either the vacuum control assembly or the 
autotransformer assembly. 


1-5. AUTOTRANSFORMER ASSEMBLY. 

The autotransformer assembly contains an autotransformer, a compressor unit, and 
two relays. The autotransformer provides operating power for the vacuum -blower motor; 
taps on the autotransformer provide for discrete adjustment of the tape -transport vacuum 
pressure by changing the voltage supplied to the vacuum-blower motor. The compressor 
unit provides the positive pressure used at the air -lubricated tape guides, the write-enable- 
switch assembly, and the magnetic head tape gate. One of the relays is used in the tape load 
circuit, the other is used in the door -inter lock override circuit. 

1-6. CABINET BLOWER ASSEMBLY. 

The cabinet blower assembly provides cooling for the tape transport. 

1-7. CABLE ASSEMBLIES . 

Cable and harness assemblies are determined by transport mounting and by selection 
of optional features . 


1-8. CAPSTAN SERVO ASSEMBLY. 

The capstan servo assembly provides power for the capstan motor and contains the 
power components of the capstan servo system. Field excitation for electromagnetic -field 
capstan motors is provided by a field supply furnished in the capstan servo assembly when 
such motors are used. 


1-9. CONTROL ELECTRONICS ASSEMBLY. 

The control electronics assembly contains the printed circuit board (PCB) assemblies 
which control the tape transport. 
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1-10. DATA ELECTRONICS ASSEMBLY (OPTION). 

The data electronics assembly contains the printed circuit board assemblies which 
control the writing and reading of data on the tape passing over the magnetic head assembly. 
The data electronics is an optional feature. 


1-11. ELECTRONICS FRAME. 

The electronics frame mounts into a standard 24 -inch rack-type mount or into the 
TM-11 console cabinet. The capstan servo assembly, the reel servo assembly, the control 
electronics assembly, the logic power supply, the optional data electronics, and the cabinet 
blower assembly are mounted on the electronics frame. The frame is hinged and provides 
access to the console cabinet and to the assemblies mounted on the frame. 


1-12. ENCLOSURES. 

The TM-11 Tape Transport is designed for vertical installation in a standard 24 -inch 
rack -type mount or for installation in the Ampex TM-11 console cabinet. 


1-13. INPUT/OUTPUT PANEL. 

The input/output panel provides receptacles for AC power input and distribution and 
for remote input and output lines. A circuit breaker on the panel provides overload protec- 
tion for the AC power input to the tape transport. The panel also contains two AC convenience 
receptacles, which are connected directly to the AC power input. A fuse on the panel provides 
overload protection for the convenience receptacles. A second fuse on the panel provides 
overload protection for a voltage step -down transformer mounted on the input/ output panel . 

The transformer supplies operating power for the control relay on the panel. The relay is 
used in the power on-off control circuit. 


1-14. LOGIC POWER SUPPLY. 

The logic power supply provides +24V and -24V unregulated DC voltages and +12V, 
-12V, and -6V regulated DC voltages for the control electronics PCB assemblies and for the 
optional data electronics. 


1-15. OPERATOR CONTROL PANEL. 

The operator control panel (OCP) provides local control for the tape transport. The 
OCP is an optional feature, except when the data electronics option is taken; the OCP is then 
furnished as standard equipment. 
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1-16. REEL SERVO ASSEMBLY. 

The reel servo assembly provides power for the reel motors and reel brakes, and 
power for all 12 -volt DC relays used in the tape transport. 

1-17. TAPE DECK. 

The tape deck consists of all tape drive components mounted on a web -reinforced 
precision casting. A plenum is molded into the casting, and with the addition of a ported 
cover plate, serves as the positive -pressure manifold for the tape deck. Also mounted 
on the tape deck are the tape cleaners and the photosense, magnetic head, reel hub, and 
write -enable -switch assemblies. 


1-18. Magnetic Head Assembly . The standard magnetic head assembly is either a 7 -track 
dual-stack read/write unit capable of reading and writing in IBM compatible format, or a 
9-track unit capable of reading and writing in ASCII compatible format. An erase head is 
supplied as an optional feature. 


1-19. Photosense Assembly . The photosense assembly provides IBM compatible BOT 
(beginning -of -tape; at load point) and EOT (end -of -tape) photosensing of reflective tabs on 
the back of the tape. 

1-20. Reel Retainers. Reel retainers are a selective feature. IBM or NAB compatible 
screw -down reel retainers may be selected for either the fixed or the file reel. The fixed 
reel may be a permanently -mounted precision reel assembly. 

1-21. Tape Cleaners. The tape cleaners provide for collection of shed materials from the 
oxide surface of the magnetic tape. A low -velocity air -flow through the tape cleaners deposits 
these particles in the vacuum -blower -housing plenum . 

1-22. Write Enable Switch Assembly . A write enable switch assembly is provided for 
either the IBM or the NAB compatible file reel. 


1-23. VACUUM BLOWER HOUSING ASSEMBLY. 

The vacuum blower housing assembly contains the vacuum blower and a large 
capacity plenum, which reduces vacuum pressure fluctuation under rapid load changes. 
The vacuum blower provides the cooling for the capstan motor and the vacuum for the tape 
cleaners and the vacuum chambers. 
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1-24. VACUUM CONTROL ASSEMBLY. 


The vacuum control assembly contains the vacuum -blower -motor speed control 
circuit, a compressor unit, and two relays. The vacuum -blower -motor speed control cir- 
cuit provides operating power for the vacuum -blower motor and maintains a preset motor 
speed, independent of line voltage fluctuations and minor load changes. The compressor 
unit provides the positive pressure used at the air-lt±)ricated tape guides, the write -enable - 
switch assembly, and the magnetic head tape gate. One of the relays is used in the tape 
load circuit, the other is used in the door -interlock override circuit. 
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SECTiaiM II 
IIMSTALLATIOIM 


2-1. INTRODUCTION . 

This section provides information for the installation of the tape transport. 


2-2. GENERAL. 

The TM-11 Tape Transport is designed for installation in the Ampex TM-11 
cabinet or in a standard 24 -inch rack -type enclosure. 

The TM-11 Cable Diagram in Section VII is the interconnecting cabling diagram 
for the basic transport. When the data electronics option is taken, the TM-11211 Cable 
Diagram in Section VII is used as the interconnecting cabling diagram. 


2-3. CUSTOM INSTALLATIONS. 

Tape reels and overlay panels must be removed to install mounting screws for 
standard 24-inch rack-type tape transport installation. Table 2-1 lists the assemblies by 
reference designation number. See the applicable TM-11 cable diagram in Section VII for 
assembly locations. 


2-4. UNPACKING . 

Custom-built crates are designed for shipping Ampex equipment. When an en- 
closure is supplied with the equipment, the components are installed in the cabinet and are 
ready for installation and operation. When no cabinet is supplied, custom shipping crates 
are provided for the components. 

Care should be exercised during unpacking and the equipment should be checked for 
shipping damage prior to application of power. 

The input/output panel is installed with spacers to recess the front of the panel 
from the mounting frame during shipment. These spacers must be removed when the tape 
transport is installed. 

2-5. PHYSICAL DIMENSIONS AND WEIGHTS . 

Table 2-2 lists assembly dimensions and weights. The approximate weight of a 
system can be calculated by adding the weights of the selected assemblies. 
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TABLE 2-1 

REFERENCE DESIGNATION NUMBERS OF ASSEMBLIES 


REFERENCE 

DESIGNATION 

NUMBER 

ASSEMBLY 

A1 

Front frame 

AlAl 

Tape deck 

A1A2 

Vacuum control assembly 


(or autotransformer assembly) 

A1A3 

Vacuum blower housing assembly 

A2 

Electronics frame 

A2A1 

Capstan servo assembly 

A2A2 

Reel servo assembly 

A2A3 

Control electronics assembly 

A2A4 

Logic power supply 

A2A5 

Data electronics (option) 

A2A6 

Cabinet blower assembly 

A3 

Operator control panel (option)* 

A4 

1 

Input/ output panel 


*The operator control panel is supplied as standard equipment 
when the data electronics option is taken. 








TABLE 2-2 

PHYSICAL DIMENSIONS AND WEIGHTS 


ASSEMBLY 

HEIGHT 

(INCHES) 

DEPTH 

(INCHES) 

WIDTH 

(INCHES) 

WEIGHT 

(POUNDS) 

Tape Deck and Front Frame 

59-1/2 

14 

24 

169 

Vacuum Control Assy 

16-1/4 

8-3/4 

21-1/2 

50 

(or Autotransformer Assy) 

16-1/4 

8-3/4 

21-1/2 

70 

Vacuum Blower Housing Assy 

9 

13 

21-3/4 

21 

Electronics Frame 

56-7/8 

3 

24 

20 

Capstan Servo Assy 

10-1/2 

9 

19 

60 

Reel Servo Assy 

5-1/4 

9 

19 

45 

Control Electronics Assy 

7 

8 

19 

15 

Logic Power Supply 

5-1/4 

9 

19 

35 

Data Electronics 

14 

6-1/2 

19 

30 

Cabinet Blower Assy 

8-3/4 

9-1/2 

19 

24 

Input/Output Panel 

3-1/2 

5 

24 

6 

Operator Control Panel 

1-3/4 

3-1/2 

11-7/8 

10 

TM-11 Cabinet Assy 

68-1/2 

29-1/2 

30 

220 













2-6. 


POWER REQUIREMENTS. 


The TM-11 Tape Transport is wired for 115 volt operation unless otherwise speci- 
fied. Maximum operating current at 115 VAC is 24 amperes. Tapped transformers in the 
vacuum control assembly (or the autotransformer assembly), the servo assemblies, the 
input/ output panel, and the logic power supply provide for operation with either 115 ±11.5 
VAC or 230 ±23 VAC input voltage. AC input power is applied at J1 on the input/output 
panel. (See Figure 2-1.) 

2-7. INPUT/QUTPUT SIGNALS AND CONNECTIONS . 

The input/output signals to the tape transport consist of remote control command 
and status signals and read/write data signals. Connector J4 on the Ampex input/output 
panel (Figure 2-1) provides connections for the customer -furnished transport control 
cable used for the command and status signals. Table 2-3 lists the command and status 
signals and pin designations for the connector. Connector J5 on the input/output panel pro- 
vides the connections for the read -data output signals and the write -data input signals. This 
connector also provides the connections for the optional erase signal. Table 2-4 lists the 
read- and write -data pin designations and the erase-signal pin designations for the connector 
If the operator control panel is not supplied, equivalent controls should be provided for local 
control during tape changes and maintenance. Connector J2 on the control electronics 
assembly provides connections for a customer -furnished operator -control -panel equivalent; 
the signal requirements and pin designations are listed in Table 2-5. Refer to Section III for 
the description of the operator control panel functions . 

When the data electronics option is taken, connector J4 on the input/ output panel 
provides connections for all input signals from the customer to the tape transport. 

Connector J5 on the input/output panel provides connections for all output signals from the 
tape transport to the customer. These input and output signals are described in the Data 
Electronics Technical Manual. Table 2-6 herein lists input signals and pin designations for 
connector J4. Table 2-7 lists output signals and pin designations for connector J5. 

2-8. INPUT/OUTPUT CONNECTORS. 

Mating connectors for customer fabricated cables are provided. (See Figure 2-1.) 
2-9. COMMAND SIGNALS. 

Command signals to the tape transport control electronics must fulfill the following 
requirements. The FALSE level must be 0 +1.25 volts. The TRUE level may be -10 to 
-14 volts. Input impedance shall not be less than 2000 ohms, nor more than 3000 ohms. 

Input lines from the remote source shall incorporate source ground. Command signals 
are listed in Table 2-3. 


2-4 



Figure 2-1 
Input/Output Panel 



A4J3 




MATING 
CONNECTOR 
FOR A4J1 


MATING 
CONNECTOR 
FOR A4J5 


MATING 
CONNECTOR 
FOR A4J4 


A4CB1 




TABLE 2-3 

CONTROL CONNECTIONS (TRANSPORT WITHOUT DATA ELECTRONICS) 


INPUT -OUTPUT PANEL 
A4J4 PIN NO. 

SIGNAL DESCRIPTION 

TYPE 

A 

REWINDING STATUS (-) 

STATUS 

B 

READY STATUS (-) 

STATUS 

C 

HIGH/LOW DENSITY STATUS (-/-h) 

STATUS 

D 

SELECT (-) 

COMMAND 

E 

UNIT SELECT (-) 

STATUS 

F 

SELECT AND REMOTE INDICATOR (+) 

STATUS 

H 

HIGH/LOW DENSITY SELECT (-/+) 

COMMAND 

(OUTPUT) 

J 

REWIND COMMAND (-) 

COMMAND 

K 

REWIND AND LOCKOUT (-) 

COMMAND 

L 

GROUND 

-- 

M 

BEGINNING -OF -TAPE (-) 

STATUS 

N 

END -OF -TAPE (-) 

STATUS 

P 

GROUND 

-- 

R 

FORWARD/REVERSE (-/-I-)* 

COMMAND 

S 

RUN/STOP (-/+)** 

COMMAND 

T 

GROUND 

-- 

U 

WRITE ENABLE STATUS (NC) 

STATUS 

V 

■ ' WRITE ENABLE STATUS (G) 

STATUS 

w 

WRITE ENABLE STATUS (NO) 

STATUS 

X 

SHIELD 

-- 


*REVERSE/STOP (-/+) when Fwd/Stop-Rev/Stop logic is supplied. 
** FORWARD/STOP (-/+) when Fwd/Stop-Rev/Stop logic is supplied. 
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TABLE 2-4 

DATA INPUT CONNECTIONS (TRANSPORT WITHOUT DATA ELECTRONICS) 


INPUT/OUTPUT PANEL 
A4J5 PIN NO. 

SIGNAL DESCRIPTION 

A 

Write Data 1 Return 

B 

, Write Data 2 Return 

C 

Write Data 1 

D 

Write Data 2 

E 

Write Data 3 

F 

Write Data 4 

G 

Write Data 5 

H 

Write Data 6 

J 

Erase Head 

K 

Erase Head Return 

L 

Write Head Ground (Grd Lug) 

M 

Write Head Center Tape (Option) 

N 

Write Data 9 Return 

P 

Write Data 8 

R 

Write Data 3 Return 

S 

Write Data 8 Return 

T 

Write Data 4 Return 

U 

Write Data 5 Return 

V 

Write Data 6 Return 

w 

Write Data 7 Return 

Y 

Write Data 6 

Z 

Write Data 7 

a 

Read Data 1 

b 

Read Data 2 

c 

Read Data 1 Return 

d 

Write Cable Common Shield 

e 

Read Data 4 

f 

Read Data 3 

g 

Read Data 4 Return 

h 

Read Data 5 

J 

Read Data 6 

k 

Read Data 2 Return 

I 

Read Data 7 

m 

Read Data 8 

n 

Read Data 7 Return 

P 

Read Data 8 Return 

r 

Read Data 9 

s 

Read Data 5 Return 

t 

Read Cable Common Shield 

u 

Read Data 3 Return 

V 

Read Data 9 Return 

w 

Read Head Ground 

y 

■ Read Data 6 Return 




TABLE 2-5 

LOCAL CONTROL CONNECTIONS 


CONTROL ELECTRONICS 
A2A3J2 PIN NO. 

FUNCTION 

REQUIREMENTS 

1 and 17 

Power interlock 

Pin 1 connected to pin 17 when 
power is on 

2 and 18 

Power on-off 

Pin 2 connected to pin 18 for power 
on 

3 

Remote select 

Momentarily connected to logic 
ground for remote select. Other- 
wise, open circuit. 

4 

Chassis ground 

— 

5 

Local select 

Momentarily connected to logic 
ground for local select. Other- 
wise, open circuit. 

6 

OCP reset 

Momentarily connected to logic 
ground during remote select, local 
select, or stop command. Other- 
wise, open circuit. 

7 

High/low density 
select 

Connected to -12 volt logic bus 
for high density select. Connected 
to logic ground for low density 
select. 

8 

Forward 

command 

Momentarily connected to OCP 
enable bus for forward command. 
Otherwise, open circuit. 

9, 21, and 23 

Load tape into 
vacuum cham - 
bers (energizes 
reel servo 
ready relay) 

Pin 9 connected to pin 23 (H-12 volt 
relay bus) when pin 8 is connected 
to OCP enable bus. Otherwise, 
connected to pin 21 (+12 volt relay 
interlocked bus). 

10 

Reverse 

command 

Momentarily connected to OCP 
enable bus for reverse command. 
Otherwise, open circuit. 
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TABLE 2-5 

LOCAL CONTROL CONNECTIONS (Continued) 


CONTROL ELECTRONICS 
A2A3J2 PIN NO. 

FUNCTION 

11 

Rewind command 

12 

Stop command 

13 

Drives select- 
and -remote 
indicator lamp 

14 

Drives local 
indicator lamp 

15 

Drives remote 
indicator lamp 

16 

Drives file pro- 
tect indicator 
lamp 

17 

Refer to pin 1 

18 

Refer to pin 2 

19 

-12 Volt logic bus 

20 

Logic ground 

21 

Refer to pin 9 

22 

OCP enable bus 

23 

Refer to pin 9 


REQUIREMENTS 

Momentarily connected to OCR 
enable bus for rewind command. 
Otherwise, open circuit. 

Momentarily connected to logic 
ground for stop command. Other- 
wise, open circuit. 

12 -volt indicator lamp connected 
between pin 13 and -12 volt logic 
bus . 

12 -volt indicator lamp connected 
between pin 14 and -12 volt logic 
bus . 

12 -volt indicator lamp connected 
between pin 15 and -12 volt logic 
bus . 


12 -volt indicator lamp connected 
between pin 16 and -12 volt logic 
bus . 






































TABLE 2-5 

LOCAL CONTROL CONNECTIONS (Continued) 


CONTROL ELECTRONICS 
A2A3J2PINNO. 

FUNCTION 

REQUIREMENTS 

24 

Shield connection 
(logic ground) 

All cabling to connector A2A3J2 
must be shielded. (Common 
shield satisfactory . ) 

25 through 30 

Spares 

— 


High -density - 
select indicator 

12 -volt indicator lamp connected 
between logic ground and -12 volt 
logic bus when pin 7 is connected 
to -12 volt logic bus. 


Low -dens ity - 
select indicator 

12 -volt indicator lamp connected 
between logic ground and -12 volt 
logic bus when pin 7 is connected 
to logic ground. 


Power-on 

indicator 

12 -volt indicator lamp connected 
between logic ground and -12 volt 
logic bus. 


2-10. Select. When FALSE, the select line disables tape motion inputs to the control 
electronics and also disables status outputs from the control electronics. A select TRUE 
level will enable the remote inputs if the transport is in the ready and remote status . 
Transport ready requires that all interlocks are closed. Remote is TRUE when the REMOTE 
pushbutton, on the operator control panel, has been pressed. 

2-11. Forward/Reverse. * When TRUE, forward direction is selected. When FALSE, 
reverse direction is selected. The forward/reverse level must be established 5 usee prior 
to a RUN command. A change in level on this line, while the tape is in motion, will cause 
the tape to stop. 


*Used when Run/Stop-Fwd/Rev logic is supplied. 
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TABLE 2-6 

TYPICAL INPUT CONNECTIONS (TRANSPORT WITH DATA ELECTRONICS 


INPUT/ OUTPUT 
PANEL A4J4 
PIN NO. 

SIGNAL DESCRIPTION 

A 

Ground 

B 

Ground 

C 

Write Data 1 (-) 

D 

Write Data 2 (-) 

E 

Write Data 3 (-) 

F 

Write Data 4 (-) 

G 

Spare 

H 

Ground 

J 

Ground 

K 

Ground 

L 

Ground 

M 

Write Data 5 (-) 

N 

Write Data 6 (-) 

P 

Write Data 7 (-) 

R 

Write Data 8 (-) 

S 

Write Data 9 (-) 

T 

Ground 

U 

Ground 

V 

Ground 

w 

WRITE STROBE (-) 

X 

WRITE RESET (-) 

Y 

RUN/STOP (-/+)* 

z 

REWIND and LOCKOUT (-) 

a 

Ground 

b 

Ground 

c 

WRITE PERMIT (-) 

d 

READ PERMIT (-) 

e 

FORWARD /REVERSE (-/+)** 

f 

REWIND COMMAND (-) 

g 

Ground 

h 

Ground 

j 

Spare 

k 

Spare 

1 

ODD/EVEN PARITY (-/+) 

m 

Shield Ground 


*FORWARD/STOP (-/+) when Fwd/ Stop -Rev/Stop logic is supplied. 

**REVERSE/STOP (-/+) when Fwd/ Stop -Rev/Stop logic is supplied. 




TABLE 2-7 

TYPICAL OUTPUT CONNECTIONS (TRANSPORT WITH DATA ELECTRONICS) 


INPUT/OUTPUT 
PANEL A4J5' 
PIN NO. 

SIGNAL DESIGNATION 

A 

Ground 

B 

Ground 

C 

Read Data 1 (-) 

D 

Read Data 2 (-) 

E 

Read Data 3 (-) 

F 

Read Data 4 (-) 

G 

Read Data 8 (-) 

H 

Ground 

J 

Ground 

K 

Ground 

L 

Ground 

M 

Read Data 5 (-) 

N 

Read Data 6 (-) 

P 

Read Data 7 (-) 

R 

READ CLOCK (-) 

S 

Grotind 

T 

Ground 

U 

Grotind 

V 

WRITE ENABLE STATUS (C) 

W 

BEGINNING -OF -TAPE ( -) 

X 

END -OF -TAPE (-) 

Y 

REWINDING STATUS (-) 

Z 

READY STATUS (-) 

a 

WRITE ENABLE STATUS (NO) 

b 

WRITE ENABLE STATUS (NC) 

c 

WRITE CHECK ERROR (-) 

d 

Ground 

e 

HIGH/LOW DENSITY STATUS (-/+) 

f 

Read Data 9 (-) 

g 

Ground 

h 

PARITY ERROR (-) 

j 

Spare 

k 

UNIT SELECT (-) 

1 

S ELECT AND R EMOTE INDICATOR (+) 

m 

Shield Ground 


2-12 




2-12. Run/Stop . * ** A transition to the TRUE level will cause the capstan to move the tape. 
The direction of the tape motion is determined by the previously established forward/ 
reverse line. A FALSE level will cause tape motion to stop. 


2-13. Forward/Stop ?* A transition to the TRUE level on the forward/stop line will cause 
the capstan to move the tape in the forward direction. A change in level on this line, while 
the tape is in motion, will cause the tape to stop. 

2-14. Reverse/Stop1 ‘* A transition to the TRUE level on the reverse/stop line will cause 
the capstan to move the tape in the reverse direction. A change in level on this line, while 
the tape is in motion, will cause the tape to stop. 


2-15. Rewind. A TRUE level will initiate a high speed rewind cycle. The tape will rewind 
to the EOT photosense tab and the capstan will place the tape at the load point. The trans- 
port will remain in remote mode. High speed in the forward direction can be provided as 
an optional feature. 


2-16. Rewind and Lockout. A TRUE level will initiate a high speed rewind cycle and 
return the transport to local mode. The tape will rewind to the EOT photosense tab and the 
capstan will place the tape at the load point. Unloading of tape from the EOT tab is done 
manually after operating the TAPE LOAD switch. 


2-17. High/ Low Density Select . This line is a command output from the operator control 
panel. The line is used to select the bit -packing density when the data electronics option 
is taken. When high-density packing is selected the line is at the TRUE level. When low- 
density packing is selected the line is at the FALSE level. 


2-18. STATUS SIGNALS. 

Status signals are returned to the external equipment and are provided for the 
operator control panel. Output levels, with a 25 foot cable, are -12 ±2 volts (5 ma max 
to the load) and 0 ±1.25 volts (5 ma max from the load) for TRUE and FALSE, respectively, 
unless otherwise indicated. Status signals to the external equipment are enabled when in the 
remote mode. The indicator outputs, to the operator control panel, are active in either 
remote or local mode. Status signals are listed in Table 2-3. 


*Usedwhen Run/Stop-Fwd/Rev logic is supplied. 

**Usedwhen Fwd/ Stop -Rev/Stop logic is supplied. 



2-19. Ready . The Ready line remains at the FALSE level until all tape transport interlocks 
are closed. The ready output is active in the remote mode. 

2-20. Unit Select. A TRUE level on the Unit Select line acknowledges that the tape trans- 
port has been selected by a TRUE level at the select input. The unit select output is active 
in the remote mode . 


2-21. Select and Remote Indicator . This line is driven by a line driver having a passive 
output. The line driver must be terminated with an indicator lamp returned to -12 volts. 
When so terminated, the line driver output is 0 volts whenever the Unit Select line is at the 
TRUE level, otherwise, the line driver output is 125 ohms returned to ground. 


2-22. Beginning-of-Tape (At Load -Point) . A TRUE level indicates that the BOT photosense 
tab is being sensed. The BOT output is active in the remote mode. 


2-23. End -of -Tape . A TRUE level indicates that the EOT photosense tab is being sensed. 
The EOT output is active in the remote mode. 

2-24. Rewinding . A TRUE level indicates that the tape is rewinding. The rewind status 
output is active in the remote mode. 


2-25. High/Low Density . The density status line acknowledges the density select 
level. A TRUE level indicates that high density has been selected. The density status line 
is active in the remote mode . 


2-26, Write Enable Status. Three lines are provided to indicate the state of the write 
enable switch. When a file-protect condition exists, the normally closed contact is at logic 
ground level. When a write enable condition exists, the normally open contact is at logic 
ground level. These lines are active in both the remote and local mode. 


2-27. DATA SIGNALS. 

The magnetic head assembly is designed for writing and reading NRZI (non-return- 
to-zero, change on ONEs) digital type information. An instantaneous change in the direction 
of write current causes a ONE to be written on magnetic tape. A reversal of the magnetic 
flux direction on the tape will be sensed by the read head and will be interpreted as a ONE. 
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Write current requirements and read signal outputs are provided below for Ampex 
838 tape at a tape speed of 120 ips and a bit-packing density of 800 bpi, using a 7 -track 
head. These requirements are for direct connection to the heads; refer to the Data Elec- 
tronics Technical Manual for the data signal requirements when the data electronics option 
is taken. 


2-28. Write Data . The amplitude of the write input signals shall be 60 ma peak. A DC 
current flow of 60 ma through tlie optional erase head coil will reduce all previously written 
data to less than 3 percent. 


2-29. Read Data . The read head provides a 20 mv (peak-to-peak) output. 
2-30. ENVIRONMENT. 


2-31. OPERATING ENVIRONMENT. 

The tape transport is designed for operation in a fixed position under the following 
conditions: 

Ambient Air Temperature 32° to 100°F 

Relative Humidity 20% to 80% (with no condensation) 

Altitude 0 to 7500 feet 

When enclosed, sufficient air must pass over the equipment in the enclosure to 
maintain the exhaust air temperature (above the transport at the top of the enclosure) at 
less than 120°F. The inlet air temperature shall be less than 90°F. Capstan motor and 
servo motor housing surface temperatures must not exceed 170°F. Printed circuit boards 
and the servo power amplifier temperatures must not exceed 120 °F. 


2-32. STORAGE AND SHIPPING ENVIRONMENT. 

Sudden temperature changes which will cause condensation must be avoided. 


Ambient Air Temperature . -30° to +150°F 

Relative Humidity. . . :. . . . .... . .. 95% maximum 
Altitude 0 to 40, 000 feet 
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OPERATION 


3-1. INTRODUCTION . 

This section lists controls and indicators . Controls and interlocks are explained 
and tape loading instructions are presented. 


3-2. OPERATOR CONTROL PANEL CONTROLS AND INDICATORS. 

All operator controls and indicators except the TAPE LOAD and DOOR INTERLOCK 
OVERRIDE switches are located on the operator control panel of the transport as shown in 
Figure 3-1. 


3-3. POWER Switch . The POWER switch is an alternate -action (push ON, push OFF) 
pushbutton indicator switch. When the switch is ON and power is applied to the tape trans- 
port, the POWER indicator is lighted. 


3-4. FILE PROTECT Indicator . The FILE PROTECT indicator is lighted when the write 
enable ring is not in place. This notifies the operator that the information presently on the 
tape or file is protected. 

3-5. REMOTE Switch . The REMOTE switch is a momentary -ON pushbutton indicator 
switch that switches the transport to remote or automatic control. When the pushbutton is 
pressed, the REMOTE indicator lights "white" to indicate REMOTE ready condition. When 
the transport is operating in the remote mode, the REMOTE indicator lights "red". 

3-6. LOCAL Switch . The LOCAL switch is a momentary -ON pushbutton indicator switch 
that switches the transport to local or manual control. When the transport is in the local 
or manual mode of operation, the LOCAL indicator is lighted. 


3 -7 . HIGH/LOW DENSITY Switch . The HIGH/LOW DENSITY switch is used with the 

optional data electronics and is an alternate -action (push HIGH, push LOW) pushbutton 
indicator switch controlling the density of bit packing on the tape during the write mode of 
operation. When the transport, is in the high-density mode of operation, the HIGH portion 
of the HIGH/LOW DENSITY indicator is lighted. When the transport is in the low -density 
mode, the LOW portion of the HIGH/LOW DENSITY indicator is lighted. 
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OPERATOR CONTROL PANEL 


DOOR 

INTERLOCK 

OVERRIDE 

SWITCH 


TAPE LOAD SWITCH 


Figure 3-1 

Tape Transport Controls, Indicators, and Tape Loading Path 




3-8. FORWARD Switch. The FORWARD switch is a momentary -ON pushbutton switch 
which initiates movement of tape in the forward direction. The FORWARD switch also by- 
passes tlie short/long loop sensors in the vacuum chambers. Thus, if the tape is loaded in 
the chambers but is not in the normal operating position, the reel servos are enabled to 
move tape into the correct operating position in the chambers by pressing the FORWARD 
puslibutton. 


3-9. REVERSE Switch . The REVERSE switch is a momentary -ON pushbutton switch 
which initiates movement of tape in the reverse direction at normal operation speed. 


3-10. REWIND Switch . The REWIND switch is a momentary -ON pushbutton switch which 
initiates movement of tape in the reverse direction at a high speed until the load point is 
reached. 


3-11. STOP Switch . The STOP switch is a momentary-ON pushbutton switch which stops 
all tape movement and resets the forward/reverse control circuits. Actuation of the switch 
returns the transport to local mode. 


3-12. TAPE LOAD AND DOOR INTERLOCK OVERRIDE SWITCHES. 


3-13. TAPE LOAD Switch . The TAPE LOAD switch is a latching -type pushbutton switch 
and is located on the tape ledge. When the switch is actuated to ON, the reel brakes are 
disengaged and the vacuum and positive pressures are turned off to facilitate tape loading 
and unloading. The switch must be actuated to OFF to resume normal operation of the tape 
transport. 


3-14. DOOR INTERLOCK OVERRIDE Switch . The DOOR INTERLOCK OVERRIDE switch 
is a momentary-ON pushbutton switch and is located on the tape ledge. Actuating the switch 
energizes an override relay which bypasses the reel access door interlock, thus permitting 
the tape transport to be operated with the reel access door open. The override circuit is 
disabled when the reel access door is closed. 


3-15. INTERLOCKS. 

If the power supply fails, the vacuum system or positive pressure system fails, the 
reel access door is opened, or tape is improperly positioned in the vacuum chambers, power 
is removed from the servomotors and the reel brakes are applied. 


3-3 



3-16. Power On . The vacuum and positive pressure interlocks prevent operation of the 
tape transport until the equipment has stabilized and the vacuum and positive pressures have 
reached operating levels. This takes 3 to 4 seconds. 


3-17. POWER Off . When the POWER switch is actuated to the OFF position, power is 
removed from the transport. 

3-18. Reel Access Door . The reel access door is provided with an interlock which will 
stop the tape transport should the access door be opened during operation. 

3-19. Vacuum Failure . If the extreme limits (long or short) of permissible tape position 
are exceeded in the vacuum storage chamber, the transport will stop. 


3-20. PHOTOSENSE TAB CONTROL. 

The two channel photosense unit automatically stops the tape transport and gives an 
output to remote equipment when reflective tabs on the tape are sensed. Placement of 
reflective tabs in two channels on the tape is shown in Figure 3-2. 


CHANNEL A 



Figure 3-2 

Reflective Tab Placement Diagram 
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3 -21 . LOADING THE TAPE . (See Figure 3 -1 . ) 


I CAUTION I 

Follow the procedures of paragraph 
5-3 for tape deck cleaning. 


Use Ampex Part No. 087-007 head cleaner and a cotton swab to clean the head and the 
tape guides before starting to load the tape. As the tape reel brakes must be released while 
the tape is being loaded, power to the transport must be switched ON during the following 
steps . 


Step 1: (NAB Compatible Reel Retainer) Slip the file reel over the reel retainer . 

Hold the reel firmly against the turntable surface and rotate the retainer 
handle approximately 120 degrees clockwise, at which point the reel retainer 
handle will lock into position. Ensure that the reel is snugly mounted on the 
retainer, and is flush against the turntable. 

(IBM Compatible Reel Retainer ) Slip the file reel over the reel retainer . 

Hold the reel firmly against the turntable surface and rotate the retainer 
knob clockwise to the mechanical stop. Ensure that the reel is snugly 
mounted on the retainer and is flush against the turntable. 

Step 2 : Actuate the TAPE LOAD switch to ON; wait for the vacuum and positive 

pressures to reach zero. 

Step 3 : Unwind 3 to 5 feet of tape leader from the reel. 

Step 4 : Starting where the tape leaves the file reel, place the tape around the file 

reel right tape guide, under the tape cleaner, and over the file reel servo 
tachometer pulley. 

Step 5: Pass the tape across the top of the vacuum chamber on the file side of the 

transport, over the file center tape guide, across the photosense assembly, 
and across the read/write heads. 

Step 6: Pass the tape under the capstan file tape guide, around the capstan, and 

under the capstan fixed reel tape guide . 

Step 7 : Pass the tape over the fixed reel center tape guide, across the top of the 

other vacuum chamber, over the fixed reel servo tachometer pulley, under 
the tape cleaner and the fixed reel left tape guide, and attach it to the fixed 
reel (the reel rotates clockwise during wind). Wind at least three extra 
turns of tape on the fixed reel. 
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Step 8: Actuate the TAPE LOAD switch to OFF and close the reel access door. 


NOTI 


At least three seconds should be allowed 
between Steps 8 and 9 to let the vacuum 
reach a level which will pull the tape 
into the vacuum chamber. 

Step 9: Momentarily press the FORWARD pushbutton. This will enable the reel 

servos to form loops in the vacuum chambers. (Refer to paragraph 3-8.) 
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SECTION IV 

THEORY OF OPERATION 


4-1. SCOPE . 

This section includes details of the operation of the tape drive and the control elec- 
tronics. The tape drive (Figure 4-1) is comprised of the capstan servo system and the reel 
servo system. Commands from the control electronics cause the tape drive to move tape 
forward, reverse, or keep tape at a standstill. 


4-2. CAPSTAN SERVO SYSTEM. 

In response to command from the control electronics, the capstan servo system 
controls the direction, acceleration, and velocity of capstan motion. The system is com- 
prised of the capstan motor and the capstan servo control. The voltage appearing across 
the capstan motor is supplied to the reel servo system as a capstan direction and velocity 
reference (CAPSTAN VELOCITY input). 

The servo system operates in two modes: steady -state or acceleration. In the 
steady -state mode, the capstan motor is either stopped, or mnning at a constant speed. 

In this mode, the servo system maintains constant voltage across the motor armature 
terminals. The induced armature voltage (back EMF) at constant speed is very large com- 
pared to the IR voltage drop in the armature windings, thus the speed of the motor under 
this condition is practically independent of normal load variations. In the acceleration 
mode, the servo system maintains constant current through the motor armature until the 
motor reaches the preset velocity; constant current through the motor armature provides 
a steady acceleration of motor speed. The armature current required to accelerate the 
armature and capstan inertial-mass is very large compared to the current required to over- 
come viscous and static friction losses, thus the acceleration of the motor speed under this 
condition is practically independent of normal load variations. 


4-3. CAPSTAN MOTOR AND CAPSTAN. 

The capstan motor is mounted on the tape deck casting and is a DC servomotor . 

The motor has a high -torque -to -low -inertia ratio which permits rapid acceleration. The 
capstan is mounted directly on the motor shaft. The motor is supplied with either a 
permanent -magnet field or electromagnetic field. Systems using the electromagnetic -field 
motor are provided with a constant -current field power supply which is located in the cap- 
stan servo assembly. 
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CAPSTAN VELOCITY 



Fi^re 4-1 

Tape Drive, Flow Diagram 
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4-4. CAPSTAN SERVO CONTROL. 


The capstan servo control consists of a bi -polar power amplifier and three control 
PCB assemblies. The power amplifier is located in the capstan servo assembly and the 
three PCB assemblies are located in the control electronics card cage. 


4-5. CAPSTAN SERVO SYSTEM OPERATION. (See Figure 4-2.) 

4-6. Steady -State Operation. Speed of the capstan motor during steady -state operation is 
principally controlled by the reference generator on the capstan velocity PCB, the control 
summing amplifier on the capstan acceleration PCB, and the power amplifier. The OVER- 
DRIVE input to the control summing amplifier is effectively at zero level, thus having no 
appreciable effect in the control circuit. When no forward or reverse command logic sig- 
nals are applied to the reference generator, the generator outputs are at zero volts DC . 

When a forward command logic signal is applied at the input of the reference generator, the 
generator produces a REF (-1-) signal voltage proportional to the preset forward velocity. The 
voltage is approximately -t-0.013 volt/ips (1.56 volts at 120 ips) and is amplified in the con- 
trol summing and power amplifiers and applied to the capstan motor armature, which drives 
the capstan in the forward direction. When a reverse command logic signal is applied to the 
reference generator, the generator produces a REF (-) signal voltage (with negative polarity) 
proportional to the preset reverse velocity. This voltage is amplified in the control summing 
and power amplifiers and applied to the capstan motor armature, which drives the capstan 
in the reverse direction. Two potentiometers in the reference generator provide for speed 
control; one potentiometer controls the REF (4-) signal voltage (forward speed), the other 
controls the REF (-) signal voltage (reverse speed). 


4-7. Power Amplifier . The power amplifier consists of a capstan control preamplifier 
stage and nonlinear emitter -follower driver and power output stages. The CAPSTAN CON- 
TROL signal from the control summing amplifier is amplified in the capstan control pre- 
amplifier and then applied to the reverse driver stage. The reverse driver is operated 
class A and controls the reverse output stage and the forward driver, which are operated 
class B. The forward driver controls the forward output stage, which also is operated 
class B. 

When the CAPSTAN CONTROL signal is at zero level, the reverse driver conducts 
at a standby level that holds both the reverse output stage and the forward driver at cut-off. 
When the CAPSTAN CONTROL signal voltage goes positive (reverse command), current flow 
through the reverse driver is increased from standby to a level that biases on the reverse 
output stage, which provides a negative voltage output to the capstan motor. When the 
CAPSTAN CONTROL signal voltage goes negative (forward command), current flow through 
the reverse driver is decreased from standby to a level that biases on the forward driver, 
which biases on the forward output stage; the forward output stage then provides a positive 
voltage output to the capstan motor . 
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Acceleration Control . During steady-state operation, the output front the limiting 
summing amplifier is essentially zero due to the balancing action of the integrating ampli- 
fier. A nonzero output from the limiting summing amplifier causes the integrating ampli- 
fier output to change toward a voltage that will return the limiting summing amplifier out- 
put to zero. 

Prior to the start of acceleration, the limiting summing amplifier is balanced and 
the output of the integrating amplifier is a negative analog of the applied reference signal; 
when the applied reference signal changes, the limiting summing amplifier is unbalanced, 
producing an inverted and amplified output. This output is again inverted and amplified in 
the drive inverter, summed with the output from the dead -band amplifier, and fed back to 
the input of the control summing amplifier as the OVERDRIVE signal. The reference volt- 
age and the large OVERDRIVE signal have the same polarity, thus the total input to the con- 
trol summing amplifier is very large, driving the control summing amplifier and power 
amplifier towards saturation. The motor armature current is sensed by the current control 
circuit through the CURRENT SENSE signal, which is the voltage appearing across the shunt 
resistor in the capstan motor return line. When the CURRENT SENSE voltage matches the 
preset limits of the dead -band amplifier, the amplifier produces a nonzero output which is 
subtracted from the signal voltage; this feedback prevents the armature current from increas 
ing further. The loop consisting of the control summing amplifier, the power amplifier, the 
capstan motor, and the dead -band amplifier is then balanced and the motor armature current 
is maintained at a preset value, causing a steady motor acceleration. The leading and trail- 
ing edges of the drive current pulse from the dead -band amplifier are step shaped to compen- 
sate for the spring-mass energy transfer between the motor armature and the capstan. This 
function is performed by the two pulse shapers on the capstan current control PCB, which 
operate whenever the DRIVE (■+•) or DRIVE (-) signal from the drive inverters on the capstan 
acceleration PCB changes level at the start or end of an acceleration period. 

The FEEDBACK signal is applied to the noninverting input of the dead -band amplifier. 
The FEEDBACK signal is the summed REF (•+■), REF (-), and AC output from the control 
summing amplifier. The AC output is a phase-shifted feedback, and prevents oscillation in 
the capstan servo system during acceleration. The REF (-I-) and REF (-) summed signals 
cause an increase in the amplitude of the OVERDRIVE signal during starting acceleration to 
decrease start time. 

The CURRENT SENSE voltage is also applied to the inverting input of the integrating 
amplifier; the DRIVE (-H) and DRIVE (-) signals are summed with the DRIVE REF signal and 
the balancing input and applied to the noninverting input of the integrating amplifier. The 
balancing input to the integrating amplifier, from the limiting summing amplifier, is can- 
celled during acceleration by the summed DRIVE (+) and DRIVE (-) signals. The DRIVE 
REF signal compensates the integrator for the effects of tape friction. The output of the 
integrating amplifier during acceleration is proportional to the time integral of the motor 
armature current (which is in turn proportional to the instantaneous velocity of the motor 
armature) with the constant of integration continuously modified by the noninverting input to 
the integrating amplifier. The circuit constants are such that the output of the integrating 
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amplifier becomes equal to the negative of the reference voltage at the time that the motor 
velocity reaches the preset value. At that time the limiting summing amplifier becomes 
balanced, removing the OVERDRIVE signal from the input of the control summing amplifier. 
The motor armature current then decreases to a low value, since the output of the power 
amplifier is almost equal to the induced voltage in the motor. The capstan servo system 
then operates in the steady -state mode until the reference voltage is changed. 

4-9. High Speed Control . The high -speed -control circuit operates in conjunction with the 
reference generator to increase the voltage of the REF (+) and REF (-) signals when high 
speed is programmed. When a REWIND logic command is applied, the high speed control 
is enabled. If either the REF (+) signal is positive or the REF (-) signal is negative, the 
control will supply timing signals to the reference generator to control the onset of a high 
speed condition so as not to exceed the capability of the reel servo system. The timing 
signals prevent high-speed motion until normal-speed reel servo motion has stabilized 
(about 400 ms after initiation of a tape forward or tape reverse command). At this time, 
the high-speed-control signal forward biases an associated transistor in the reference gen- 
erator and causes the reference voltage to increase about five volts -per -second until the 
preset reference voltage for high speed motion has been reached; the relatively- slow in- 
crease allows the reel servo system to follow the tape motion. A potentiometer in the ref- 
erence generator provides control of the rewind speed (on CVE RGB assemblies only). 


When the REWIND logic command is removed (stop high-speed motion command), 
the high -speed -control signals immediately reverse bias the associated transistor in the 
reference generator to return the reference voltage to the preset level for normal speed. 

At the same time, discharge of the timing capacitor in the high speed control reverse biases 
the transistor controlling the inhibit circuit and the inhibit signal level goes negative; the 
negative signal is applied to the reference generator and causes the reference voltage to 
immediately drop to zero. The reference voltage change causes the capstan to stop with the 
highest permissible deceleration. The discharge of the timing capacitor causes the inhibit 
signal to remain negative for about 400 ms, inhibiting forward or reverse tape commands 
for that time to allow the reel servo system to stabilize. 

When the FWD (-) or REV (+) logic signal at the input of the reference generator is 
changed from a forward or reverse command to a stop command during high-speed operation, 
the high-speed-control signal immediately reverse biases the associated transistor in the 
reference generator to return the reference voltage to zero, causing the capstan to stop with 
the highest permissible deceleration. At the same time, the inhibit signal goes negative as 
previously described, arid remains negative for about 400 ms, inhibiting forward or reverse 
tape commands for that time to allow the reel servo system to stabilize . 
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4-10. REEL SERVO SYSTEM. 


The reel servo system (Figure 4-1) consists of two separate reel servo systems. 

The file reel servo system includes the file reel, the file reel motor, and the file reel servo 
control. The fixed reel servo system includes the fixed reel, the fixed reel motor, and the 
fixed reel servo control. Since both systems operate identically, only one description is 
included. The function of the reel servo system is to maintain the proper amount of tape 
witliin the vacuum chambers at all times. 

The capstan servo system accelerates or decelerates the tape from zero ips to 120 
ips in 3.8 milliseconds. This high speed intermittent movement of the tape exceeds the 
response capability of the relatively -high -inertia reel motors, thus requiring a low -friction 
tape storage device at the capstan input and output. Vacuum storage chambers are used on 
the tape transport for this purpose and "store" sufficient tape to allow the reel motors to 
reach the speed required to follow capstan tape motion. Loop sensors are located along one 
side of each vacuum chamber and are used for tape loop position sensing. 

When the tape is at a standstill, a tape loop will be formed in each vacuum chamber 
somewhere between the two middle loop sensors. The vacuum chamber lengths are such 
that when the tape is accelerated, the reel motor used for tape take-up can accelerate to the 
rotational speed corresponding to the final capstan tape velocity before the tape loop reaches 
the lower vacuum interlock port, and the reel paotor used for tape feed can accelerate to the 
rotational speed corresponding to the final capstan tape velocity before the tape loop reaches 
the upper vacuum interlock port of the other vacuum chamber. 

During transition from constant tape velocity in one direction to constant tape velocity 
in the opposite direction (e.g., forward to reverse) the vacuum chambers store sufficient 
tape to allow the reel motors to decelerate to zero velocity and accelerate to the required 
rotational speed in the opposite direction before the tape loop reaches the upper or lower 
vacuum interlock port, as determined by tape direction. The capstan servo system provides 
a 400 ms delay between high-speed commands, allowing the reel servo system to stabilize 
before a change in tape motion occurs . 


4-11. TAPE REEL AND REEL MOTOR. 

The tape reel is coupled to the shaft of the reel motor . The reel motor is a DC 
series split -phase motor. Separate field windings control forward and reverse motion. 
A brake is attached to the rear of each motor. When power is removed from the brake, 
the brake is applied, stopping tape motion. 
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4-12. REEL SERVO CONTROL. 


The reel servo control consists of tape loop position sensing (Figure 4-3), the reel 
tachometer, the reel servo preamplifier, the reel servo driver, and the reel servo assembly. 
The function of the reel servo control is to control the motion of the reel motor. 


4-13. TAPE LOOP POSITION SENSING. 

Four photoconductive units (loop sensors) sense the position of the tape loop in each 
vacuum chamber. Two loop sensors in each chamber sense the tape loop position during 
forward operation; these are the FEED FWD and LOOP SENSE FWD loop sensors. The 
other two loop sensors in each chanober sense the tape loop position during reverse opera- 
tion; these are the FEED REV and LOOP SENSE REV loop sensors. A separate excitation 
lamp provides the light source for each sensor. When the light source is exposed by the 
tape loop, the loop sensor resistance decreases, effectively providing a switching action by 
changing the bias level on an associated transistor switch located in the reel servo preamp- 
lifier. Depending on the transistor switch function, the illuminated loop sensor changes a 
forward bias to reverse bias, or a reverse bias to forward bias. In forward operation, a 
short loop is maintained in the file reel vacuum chamber and a long loop is maintained in 
the fixed reel vacuum chamber . In reverse or rewind operation, a long loop is maintained 
in the file reel vacuum chamber and a short loop is maintained in the fixed reel vacuum 
chamber . 


4-14. REEL TACHOMETER AND PULLEY. 

The reel tachometer pulley is mounted directly to the shaft of the reel tachometer, 
which is mounted between the vacuum chamber and the tape reel . The tachometer produces 
a DC output proportional to the speed of shaft rotation and monitors the velocity of tape pass - 
ing between the tape reel and vacuum chamber . The high frequency component of the tachom- 
eter output is filtered out and the DC voltage is supplied to the reel servo preamplifier . 

4-15. REEL SERVO SYSTEM OPERATION. 

Operation of the 120 ips transport reel servo system is described. Operation of the 
112.5 ips, and 75 ips transports is identical, except for speed and start/stop times. 

4-16. Forward Operation, Tape Initially at Rest. (See Figures 4-4 and 4-5.) When the 
tape is at a standstill the tape loops in the vacuum chambers rest at some point between the 
FEED FWD and FEED REV loop sensors. When a forward command is applied to the capstan 
servo system, the capstan accelerates the tape rapidly to a velocity of 120 ips. The tape 
loop in the file reel vacuum chamber will be drawn towards the FEED FWD loop sensor as 
the capstan pulls tape. When the tape loop passes the FEED FWD loop sensor, the sensor 
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Figure 4-3 

Tape Drive Path and Reel Servo Sensors 4-9 




Figure 4-4 

Reel Servo Control, Input and Preamplifier Flow Diagram 
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is illuminated and biases off the associated transistor switch in the reel servo preamplifier. 
When the transistor switch is cut off, a voltage divider circuit which had been effectively 
grounded by the transistor switch is enabled. The CAPSTAN VELOCITY input, which at this 
time is the positive voltage appearing across the capstan motor, is applied to the voltage 
divider as a reference of the capstan velocity. The output from the voltage divider is applied 
to the OUTPUT FILE summing junction. The relatively -high positive voltage at the summing 
junction causes a high current flow through the reel servo driver input in the positive direc- 
tion. This high current flow is amplified in the reel servo driver amplifier and phase -splitter 
stage and applied to the input of the forward Schmitt trigger stage, where it exceeds the trig- 
ger level and turns on the Schmitt trigger. When the Schmitt trigger is on it gates on the 
forward output SCR in the reel servo assembly, which applies operating voltage to the file 
reel motor, accelerating the motor in the forward direction. The amplifier and phase - 
splitter stage also applies an inverted signal (negative polarity) to the input of the reverse 
Schmitt trigger stage, which remains cut off. 

When the file reel motor starts rotating, tape is fed from the file reel into the file 
reel vacuum chamber. The tape passes over the file reel tachometer pulley, rotating the 
tachometer shaft; the tachometer produces a negative DC voltage output directly proportional 
to the speed of the tape being supplied from the file reel . This negative DC voltage is applied 
to the OUTPUT FILE summing junction, where it is summed with the output from the voltage 
divider circuit. Figure 4-6 shows the control voltage appearing at the input of the Schmitt 
trigger during tape acceleration from a standstill to a constant velocity. The outputs from 
the reel tachometer and the FEED FWD voltage divider are summed and produce voltage 
curve 1. When the tape velocity reaches speed A, the sum of the reel tachometer output 
and FEED FWD voltage divider output is zero, and the forward Schmitt trigger is cut off, 
which allows the forward output SCR to turn off. When the fo3rward output SCR turns off, 
operating power is removed from the reel motor and the inertia of the reel motor maintains 
the forward rotation. The tape velocity from the file reel at this time is approximately 
90 percent of that of the capstan velocity. 

Since the tape is being supplied to the vacuum chamber at a rate 10 percent slower 
than it is being removed, the tape loop will continue upwards and pass the LOOP SENSE FWD 
loop sensor, which will then be illuminated. The illuminated sensor biases off the associated 
transistor switch in the reel servo preamplifier, enabling the LOOP SENSE FWD voltage 
divider. The two voltage divider outputs (FEED FWD and LOOP SENSE FWD) are summed 
with the reel tachometer output and produce voltage curve 2 shown in Figure 4-6. The 
resultant voltage exceeds the trigger level of the forward Schmitt trigger, turning on that 
circuit. The Schmitt trigger then gates on the forward output SCR and the reel motor is 
accelerated in the forward direction. The acceleration continues until the tape velocity 
reaches speed B, at which time the resultant of the FEED FWD voltage divider output, the 
LOOP SENSE FWD voltage divider output, and the reel tachometer output reaches zero (as 
shown by voltage curve 3), which cuts off the forward Schmitt trigger. When the forward 
Schmitt trigger is cut off, the forward output SCR turns off, which removes operating power 
from the reel motor. The inertia of the reel motor maintains the forward rotation. The 
tape velocity from the file reel at this time is approximately 110 percent of the capstan 
velocity. 
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Figure 4-6 

File Reel Forward Drive, Simplified Schmitt Trigger Control Voltage Diagram 
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Since the tape is being supplied to the vacuum chamber at a rate 10 percent faster 
than it is being removed, the tape loop moves downward and covers the LOOP SENSE FWD 
loop sensor, which biases on the associated transistor switch in the reel servo preamplifier. 
That transistor is then saturated and effectively grounds the LOOP SENSE FWD voltage 
divider, causing the control voltage to go negative, as shown by voltage curve 4. This neg- 
ative voltage holds the forward Schmitt trigger cut off. Since the amplifier and phase -splitter 
stage also applies an opposite polarity signal to the input of the reverse Schmitt trigger, that 
circuit is triggered on and gates on the reverse output SCR in the reel servo assembly. When 
the reverse output SCR is gated on, operating power is applied to the reverse windings of the 
file reel motor and the motor is decelerated. This deceleration continues until the tape veloc- 
ity drops to speed A,, where the sum of the reel tachometer output and FEED FWD voltage 
divider output is again zero, which cuts off the reverse Schmitt trigger. This allows the 
reverse output SCR to turn off, which removes operating, power from the reel motor. The 
inertia of the reel motor maintains the forward rotation. The tape velocity from the file 
reel at this time is again approximately 90 percent of the capstan velocity . 

Since the tape is again being supplied to the vacuum chamber at a rate 10 percent 
slower than it is being removed, the tape loop will move upwards, pass the LOOP SENSE FWD 
loop sensor and initiate the previously described sequence of forward and reverse power 
application to the reel motor. Thus, at constant capstan velocity, the reel servo system 
"hunts" as controlled by voltage curves 2, 3, 4, and 5 shown in Figure 4-6. This causes 
the tape loop to move above and below the LOOP SENSE FWD loop sensor. 

The fixed reel servo control operates in the same manner as described for the file 
reel, except that the tape and tape loop move in the opposite direction to that described for 
the file reel. 


4-17. Reverse Operation. (See Figures 4-4 and 4-5.) Operation of the reel servo control 
circuitry for reverse or rewind tape drive is identical to that described for forward operation, 
except that the CAPSTAN VELOCITY input voltage has a negative polarity, the tape loop posi- 
tion is sensed by the reverse loop sensors which control the reverse transistor switches, the 
reel tachometer output voltage is positive, and the tape and tape loops move in the opposite 
direction to that described for forward operation. 


4-18. Forward to Reverse Operation . (See Figures 4-4 and 4-5.) When the tape is moving 
forward at a constant capstan velocity, the tape loops are moving above and below the LOOP 
SENSE FWD loop sensors . When the command to the capstan servo system is changed from 
forward to reverse, the capstan rapidly reverses direction. The CAPSTAN VELOCITY input 
voltage drops from the positive level to zero in 3.8 ms, then increases to the negative level 
in another 3 . 8 ms . The reel servo system changes from forward to reverse operation in the 
following manner (file reel servo operation will be described). 

Initially, the tape velocity from the file reel is at speed B shown in Figure 4-7, and 
the forward output SCR has just turned off; removing operating power from the reel motor 
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(this condition was selected for description, the transfer from forward to reverse operation 
can occur at any time). The tape loop is above the LOOP SENSE FWD loop sensor. When 
the capstan motor reverses direction, the CAPSTAN VELOCITY input voltage goes negative, 
reducing the FEED FWD and LOOP SENSE FWD voltage divider outputs to a lower DC volt- 
age, established by a biasing circuit. When this occurs, the principal input to the OUTPUT 
FILE summing junction will be the reel tachometer output, which is now a relatively -high 
negative voltage. This high negative voltage produces voltage curve 1, which triggers the 
reverse Schmitt trigger circuit. This in turn gates on the reverse output SCR, which applies 
operating power to the reverse windings of the reel motor. The reel motor then starts decel- 
erating and the decreasing speed of the reel tachometer produces the output causing voltage 
curve 2. The capstan is feeding tape into the vacuum chamber at the preset velocity, caus- 
ing the tape loop to move downward in the vacuum chamber (the reel motor is still rotating 
forward, also feeding tape into the vacuum chamber). When the reel tape velocity reaches 
zero, the output from the reel tachometer is zero, which cuts off the reverse Schmitt trig- 
ger. This allows the reverse output SCR to turn off, which removes operating power from 
the reel motor, thus allowing the reel motor to stop. The reel motor is stopped before the 
tape loop reaches the FEED REV loop sensor. When the tape loop moves downward past the 
FEED REV loop sensor, the reel servo system then operates in the same manner as pre- 
viously described for reverse operation. 

4-19. Reverse to Forward Operation . Reverse to forward operation of the reel servo con- 
trol circuitry is identical to the forward to reverse operation previously described, with the 
exception of the voltage polarities of the loop sensors and transistor switches, and the tape 
and tape loop direction of motion. 


4-20. Null Detector Circuit . (See the reel servo assembly schematic in Section VII.) 

Power to the reel motors is supplied from the +115 volt rms full -wave bridge rectifier circuit 
in the reel servo assembly. The output of the rectifier circuit is a pulsating DC voltage 
which has a peak value of approximately +163 volts. If a reel motor SCR is switched on when 
the instantaneous voltage is at or near the peak value, high frequency noise (RFI) will be gen- 
erated. The amount of RFI generated can be minimized by allowing the SCR to switch on only 
when the pulsating DC voltage is at a low instantaneous value. A null detector circuit, con- 
sisting of Q5 and associated component parts in the reel servo assembly, performs this 
function. 

Current flow through R4, CR14, and CR26 clamps the voltage at the emitter of Q5 
to -1 volt. The base of Q5 is controlled by the pulsating DC voltage applied through Rl. 

The voltage divider circuit consisting of R3 and Rl shifts the voltage level applied to the base 
of Q5 to provide a negative voltage at the base when the pulsating DC voltage is at a low 
positive instantaneous value. The threshold level of the null detector circuit is established by 
Rl and R3. CR 13 limits the negative base-to-emitter voltage differential to 0.5 volts. 

When the instantaneous voltage of the +115 volt rectifier circuit is above the threshold 
level, the base-to-emitter voltage differential at Q5 is positive, . and Q5 is saturated. CR21 
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is forward biased and clamps the voltage at the gate of each SCR to -0.5 volt, which reverse 
biases the gate -to -cathode junction of each SCR. (The cathode of each SCR is at +0.5 volt, 
established by current flow through CR19.) When a Schmitt trigger in the reel servo driver 
is triggered during the time Q5 is saturated, the SCR is prevented from conducting by the 
clamped gate -to -cathode negative voltage; the SCR will start conducting only when Q5 is 
cut off. 

When the instantaneous voltage of the +115 volt rectifier circuit is below the threshold 
level, the base -to -emitter voltage differential at Q5 is negative, and Q5 is cut off. The 
collector of Q5 swings positive and CR21 is back biased. The SCR can then be gated on by 
the positive gate voltage from the Schmitt trigger. When the positive gate voltage is removed, 
the SCR stops conducting the next time the pulsating DC voltage returns to zero, since the 
current in the SCR is then reduced to zero. 

4-21. Reel Brake Operation. During normal operation, the deenergized tape load relay 
(located in the autotransformer assembly) provides power to the reel brakes, causing the 
brakes to release. During tape loading or unloading, the tape load relay is energized, and 
the reel brakes are released by power provided by the deenergized reel servo ready relay 
(located in the reel servo assembly). 


4-22. Tape Loop Positioning (Transport Stopped) . When the tape transport is stopped, the 
tape loop is positioned between the FEED FWD and FEED REV loop sensors by the reel 
servo system. Since the capstan motor is not operating, the CAPSTAN VELOCITY input is 
zero volts, which would not trigger the Schmitt trigger circuits to start the servo action. 
Reel servo operation with the capstan motor stopped is provided by DC bias voltages applied 
to the transistor switch voltage dividers. The DC bias voltages are sufficient to trigger the 
Schmitt trigger circuits when the loop sensors are covered or uncovered. The bias voltages 
are provided by the resistance voltage dividers shown in Figure 4-4 adjacent to the CAPSTAN 
VELOCITY input isolation diodes . The servo action is the same as previously described, 
except that the tape loop is positioned and then remains stationary (no forward or reverse 
tape motion). When tape is loaded on the tape transport, the reel servo system will posi- 
tion the tape loop as described when the FORWARD pushbutton is pressed and held 
momentarily . 

4-23. Tape Tension (Transport Stopped) . Bias voltages are supplied to the reverse windings 
of the file reel motor and to the forward windings of the fixed reel motor to maintain a fixed 
tension on the tape against the vacuum pressure when the transport is stopped. The fixed 
tension prevents the tape loops in the vacuum chambers from moving downwards. The bias , 
voltage is removed during tape loading and unloading when the TAPE LOAD switch is pressed. 
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4-24. VACUUM BUFFER STORAGE . 


The vacuum buffer storage isolates the capstan servo system from the reel servo 
system. With the capstan servo system isolated from the reel servo system, the capstan 
servo system accelerates a minimum of tape mass. As tape is drawn from the vacuum 
buffer storage, it is replaced by the reel servo system. The vacuum provides proper tape 
tension on both sides of the capstan. The vacuum buffer storage consists of a vacuum- 
blower assembly and two vacuum chamber assemblies. If the vacuum fails or the tape is in 
an abnormal position, the vacuum interlock switches interrupt the capstan servo system and 
the reel servo system, and the brakes are applied to the reel motors. If the tape loop is 
too short, the upper vacuum interlock switch orifice is exposed to the vacuum within the 
chamber, which actuates the switch. If the tape loop is too long, the lower vacuum interlock 
switch orifice is exposed to the air directly, which actuates the switch. 


4-25. VACUUM PRESSURE CONTROL (VACUUM CONTROL ASSEMBLY ONLY) . 

The vacuum pressure is maintained at a preset level by the vacuum -blower motor, 
which is operated at a constant speed by the vacuum -blower -motor speed control circuit. 

An SCR speed control circuit, located in the vacuum control assembly, regulates the average 
power applied to the motor; with constant average power applied, the motor operates at a 
constant speed. 

The motor is connected in series with the diode bridge and the bridge load circuits. 
(See the vacuum control schematic diagram in Section VII.) The diode bridge consists of 
CRl, CR2, CR3, and CR4. The bridge load circuits consist of SCR Q1 and the gate control 
circuits. When SCR Q1 is not conducting, current flow through the motor is limited to a low 
value by the relatively -high impedance of the gate control circuits. (See Figure 4-8.) When 
SCR Q1 is conducting, full line voltage, less the small voltage drop across two of the bridge 
diodes and Ql, is applied to the motor. The average power applied to the motor is deter- 
mined by the peak value of the input voltage, the input -voltage phase angle at which Ql is 
gated on, and the input-voltage phase angle at which Ql is cut off. The motor-speed control 
circuit controls the phase angle at which Ql is gated on. Ql is cut off each time the input 
voltage goes through the zero-voltage point and the anode current drops below the holding 
level. An integrating circuit senses the average power applied to the motor and changes the 
phase angle at which Ql is gated on to maintain the average power at a preset level. This 
phase angle change holds the motor speed constant over the normal input voltage range. 

The output from the bridge is a full -wave rectified pulsating DC voltage. At the 
beginning of each half cycle, the DC voltage from the bridge establishes 18 volts across 
zener diode VRl. (See Figure 4-9B.) C4 starts to charge to that voltage through R3. (See 
Figure 4-9C.) When C4 charges to the firing voltage of unijunction transistor Q2, Q2 con- 
ducts and C4 discharges rapidly through R4 and base B1 to einitter of Q2. The rapid dis- 
charge of C4 produces a positive voltage spike at the gate of SCR Ql, and Ql is triggered on. 
(See Figure 4-9E.) (Current flow through Ql produces the positive voltage appearing at the 
gate of Ql immediately after the voltage spike.) As C4 discharges, the emitter current of Q2 
drops below the holding current level and Q2 stops conducting. 
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When Q1 is gated on, the voltage across R1 and VRl drops to a low value, and C4 
remains in the discharged state. The input voltage is applied to the motor as previously 
described. During the positive half -cycles at the bridge input, rectifier diode CR5 is for- 
ward biased. When CR5 is forward biased, integrating capacitor C5 charges to a voltage 
proportional to the voltage across the motor. (See Figure 4-9D.) When Q1 is cut off, C5 
starts to discharge slowly through R6 and R5 . 

The voltage level to which C5 charges affects the current flow through Q3, which, in 
turn, controls the rate at which C4 charges at the beginning of each half -cycle. When the 
input voltage is above the nominal value, C5 charges to a relatively -high voltage, and current 
flow through Q3 is also relatively high. The current flow from Q3 flows through R3. The 
relatively -high current flow causes more voltage drop across R3 than during a nominal input 
voltage condition. Since the total voltage across C4 and R3 when SCR Q1 is cut off is regu- 
lated to 18 volts by VRl, any increase in the voltage drop across R3 will reduce the voltage 
at C4, which causes an increase in the time required for C4 to charge to the firing voltage 
of Q2. Similarly, the relatively -low current flow through R3 when the input voltage is be- 
low the nominal value allows C4 to charge to the firing voltage of Q2 faster than when the 
input voltage is at the nominal value. This control of the C4 charging rate provides the 
average -power regulation that maintains a constant motor speed. 

Since C5 is charged only during the Q1 on time in the positive half-cycle of the input 
voltage and then starts discharging through R6 and R5, the change in the voltage across C5 
causes a greater current flow through Q3 at the beginning of the negative half -cycle of the 
input voltage than at the beginning of the positive half -cycle. This change causes the differ- 
ence in the phase angle delays shown in Figure 4-9. 

Potentiometer R6 is used to set the speed control circuit for an average power 
output corresponding to a specific motor speed. When R6 is set for minimum resistance, 
less of the input voltage appears across C5 and the average power output from the speed 
control circuit is relatively high. When R6 is set for maximum resistance, more of the 
input voltage appears across C5 and the average power output from the speed control cir- 
cuit is relatively low. 

Zener diode VR2 is used to establish the required bias range for Q3. Capacitor C3 
prevents transients from gating on Ql. 

4-26. CONTROL ELECTRONICS. 

The control electronics accepts tape input control signals from the external equip- 
ment, issues tape control commands to the tape drive system, and returns status signals 
to the external equipment. (See the control electronics schematic in Section VII.) Tape 
command interlocks are provided by the control electronics to ensure that erroneous com- 
mand sequences will not cause tape damage or system malfunction. The control electronics 
also includes the necessary logic for rewind to load point and other computer -oriented 
functions. In the descriptions of the control electronics logic functions that follow, an UP 


4-21 



level indicates relatively positive as compared to the relatively -negative DOWN level. 

The operator control panel (optional equipment) provides switches and indicators to permit 
local operation of the tape transport for loading of tape and for maintenance. 


I MO” I 

If the operator control panel option is not taken, 
equivalent circuitry should be connected to con- 
nector J2 of the control electronics. (See the 
operator control panel schematic in Section VII.) 

4-27. PRINTED CIRCUIT BOARD (PCB) ASSEMBLIES. 

The control electronics circuitry is on four PCB assemblies, which are located at J7, 
J8, J9, and JIO in the control electronics card cage. Table 4-1 lists typical printed circuit 
board assemblies used in the control electronics and the tape drive system. Two forward/ 
reverse logic PCB assemblies are listed; one is used with Run/Stop-Fwd/Rev logic, the other 
is used with Fwd/Stop -Rev/Stop logic. Refer to Section VI for a detailed description of the 
operation of the circuits on the boards. 


TABLE 4-1 

PRINTED CIRCUIT BOARD CROSS-REFERENCE LIST 


MNEMONIC 

DESCRIPTION 

ASSEMBLY* 

SCHEMATIC * 

LOCATION 

CAC 

Capstan Acceleration -C 

3114631-10 

3114632 

J13 

CIA 

Capstan Current Control 

3114627-10 

3114626 

J12 

CVE 

Capstan Velocity -E 

3119513-01 

3119515 

J14 

FLA 

FLC 

Forward/Reverse Logic 
Run/Stop-Fwd/Rev 
Fwd/ Stop -Rev/Stop 

3107082-10 

3112360-10 

3107083 

3112361 

JIO 

LLA 

Local/Remote Logic 

3107102-10 

3107103 

J8 

PHC 

Photoamplifier Type C 

3110237-10 

3110238 

J9 

RLC 

. Rewind Logic -C 

3116167-10 

3116168 

J7 

RPB 

Reel Servo Preamplifier 

3116172-10 

3116175 

J15 

RRA 

Reel Servo Driver 

3110143-10 

3110144 

J16 


*Typical for TM-11 tape transports. 
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4-28. WRITE ENABLE SWITCH ASSEMBLY. 

When no write enable ring is installed in the file reel, the write enable switch (S7) 
contacts are as shown in the tape deck schematic in Section VII and the write enable relay 
(Kl) in the control electronics is deenergized. When the relay is deenergized, the FILE 
PROTECT indicator on the operator control panel is lighted. When the write enable ring is 
in place in the file reel, a sensor probe on the write enable switch assembly is forced back 
by the ring; a pneumatic actuator then retracts the sensor probe (when positive pressure is 
applied to the actuator) to prevent drag on the file reel. When the sensor probe is retracted, 
the write enable switch is actuated to the other position and the write enable relay is ener- 
gized. Power is removed from the FILE PROTECT indicator lamp when the relay is ener- 
gized. 

When the positive pressure drops to ambient, the sensor probe returns to the sense 
position and the write enable switch contacts return to their original position. 


4-29. PHOTOSENSE HEAD. 

The photosense head consists of a light source and the necessary photoelectric 
elements to sense the light reflected from the reflective markers on the tape. 


4 -30. POWER ON SEQUENCING . 

Circuit breaker CBl on the input/output panel must be set to the ON position before 
the AC input power at J1 can be applied to the tape transport. When the POWER pushbutton 
switch on the operator control panel is in the ON position, AC relay Kl on the input/ output 
panel is energized, and power is applied to the tape transport. The operating power for AC 
relay Kl is provided by transformer T1 on the input/output panel. Voltage limiter VRl on 
the panel limits the peak voltage applied to the relay coil. 

When power is applied to the tape transport, the transport is not ready for operation 
until the transport ready relay is energized through the transport-ready-relay interlock cir- 
cuits. (See Figure 4-10.) The transport-ready -relay interlock circuit is complete when the 
power supplies are operating, the reel access door interlock switch is closed, and the vacuum 
and positive pressure switches sense proper vacuum and pressure. While the transport 
ready relay is not energized, an UP level is applied to the TRANSPORT READY input to the 
local/remote logic (LL) PCB. With the UP level applied to the TRANSPORT READY input, the 
MASTER RESET output from LL is at the UP level. The UP level MASTER RESET prevents 
any tape motion by resetting and inhibiting the outputs of the forward/reverse logic (FL) PCB 
and the rewind logic (RL) PCB. The UP level on the TRANSPORT READY input sets LL for 
local mode operation. When all interlocks are closed the transport ready relay is energized, 
applying a DOWN level to the TRANSPORT READY input of LL which causes the MASTER 
RESET signal to go to a DOWN level. The LOCAL pushbutton indicator is lighted, indicating 
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Figure 4-10 

TM-11 Interlock Circuits 



that the transport is ready for operation in the local mode. The transport ready relay is 
deenergized whenever an interlock is opened, stopping tape motion and returning the tape 
transport to the local mode. 


4-31. LOCAL MODE OPERATION. 

The local mode is selected by any of the following; 

(a) Pressing the LOCAL pushbutton. When the LOCAL pushbutton is 
pressed, an UP level is applied to the LOCAL PB input to LL. 

(b) Pressing the STOP pushbutton. When the STOP pushbutton is 
pressed, an UP level is applied to the STOP PB input to LL. 

(c) Upon receipt of a DOWN level on the REWIND AND LOCKOUT input 
to RL, the GO LOCAL output from RL goes to the DOWN LEVEL, 
resetting LL to the local mode. 

(d) When an interlock is opened or during power on sequencing, as 
described previously. 

When the tape transport is in the local mode, the OCP ENABLE and REMOTE (-) 
outputs from LL go to the UP level and the LOCAL INDICATOR output is enabled. The OCP 
ENABLE output enables the FORWARD, REVERSE, and REWIND pushbutton switches on the 
operator control panel. The LOCAL INDICATOR output lights the LOCAL pushbutton indi- 
cator. The REMOTE (-) output enables the EOT input to FL. Inputs and outputs to the 
external equipment are disabled. 

4-32. Forward. When the FORWARD pushbutton is pressed, an UP level is applied to the 
FORWARD PB input to FL. This sets the FWD (-) output from FL to the DOWN level, 
causing the tape drive system to move tape in the forward direction. 

4-33. Reverse . When the REVERSE pushbutton is pressed, an UP level is applied to the 
REVERSE PB input to FL. This sets the REV (+) output from FL to the UP level, causing 
the tape drive system to move tape in the reverse direction. 


4-34. Stop. Once initiated, tape motion will continue until the MASTER RESET goes to the 
UP level or a BOT or EOT tab is sensed. When the STOP, REMOTE, or LOCAL pushbutton 
is pressed, the respective PB input to LL goes to the UP level causing the MASTER RESET 
output to go to the UP level, which resets the FWD (-) and REV (+) outputs of FL, stopping 
tape motion. When the BOT tab is sensed, the BOT (+) output from the photoamplifier (PH) 
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PCB goes to the UP level, resetting the FWD (-) and REV (+) outputs from FL. When the 
EOT tab is sensed, the EOT (+) output from PH goes to the UP level, resetting the FWD (-) 
and REV (+) outputs from FL, stopping tape motion. 


4-35. Rewind . When the REWIND pushbutton is pressed, an UP level is applied to the 
REWIND PB input to RL. If the BOT tab is not sensed, the UP level REWIND PB input sets 
the REWIND (-) output to the DOWN level. The DOWN level REWIND (-) output is applied 
to the tape drive system, enabling high speed tape rewind. The DOWN level REWIND (-) 
signal is inverted to produce an UP level REWIND (+) signal. The UP level REWIND (+) 
signal is coupled through diode A2A3CR3 to FL and sets the REV (+) output to the UP level, 
causing the tape drive system to move tape in the reverse direction at high speed. The UP 
level REWIND (+) signal also sets the REWINDING (+) output to the UP level, which enables 
the BOT (+) input to FL. Tape rewinding continues until the STOP pushbutton is pressed or 
the BOT tab is sensed by the photosense head. If the STOP pushbutton is pressed, tape 
motion is stopped as described in paragraph 4-34 (the MASTER RESET signal also resets 
the REWIND and REWINDING outputs from RL). As the BOT tab passes the photosense head, 
the BOT (+) output from PH applies an UP level to the BOT (+) inputs of RL and FL. The 
BOT (+) input to RL resets the REWIND outputs and triggers a time delay circuit (located on 
the reel servo preamplifier PCB) that will reset the REWINDING output approximately 500 
milliseconds later. The 500 millisecond delay holds the REWINDING output TRUE while tape 
motion is stopped and the reel servo system stabilizes. The REWIND (-) output at the UP 
level initiates a rewind stop sequence in the tape drive system. 

If the BOT tab does not overshoot the photosense head following rewind, the 
REWINDING output from RL is reset by the 500-milisecond time delay circuit on the reel 
servo preamplifier PCB and rewind is complete. 

If the BOT tab overshoots the photosense head, the negative -going BOT (+) signal 
produced when the BOT tab overshoots resets the REV (+) and REV (-) outputs and sets the 
FWD (-) output of FL to the UP level, which causes the tape drive system to reverse tape 
motion to the forward direction as soon as the tape drive system rewind stop sequence is 
completed. The UP level REV (-) output enables the TIME DELAY (+) input to RL (pin 22). 
When the BOT tab is returned to the photosense head, the BOT (+) output from PH goes to the 
UP level and resets the REWINDING output from RL (through the TIME DELAY input) and 
the FWD output from FL; this stops tape motion and rewind is complete. 


4-36. Density Control . The HIGH/LOW DENSITY pushbutton switch controls the HI/LO 
DENSITY SELECT output which is applied to RL and to either the data electronics when 
supplied or to the external equipment when the data electronics is not supplied. The input 
to RL is not enabled during local operation and has no effect; the HI/LO DENSITY STATUS 
output from RL remains at the UP level during local operation. The HI/LO DENSITY 
SELECT output is supplied to the external equipment through pin H of J4 on the input/output 
panel when the data electronics is not supplied. When the HIGH/LOW DENSITY pushbutton 
switch is in the HIGH position, the HI/LO. DENSITY SELECT output is -12 volts; the output 
is 0 volts when the switch is in the LOW position. 
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4-37. REMOTE MODE OPERATION. 

Remote mode is selected when the REMOTE puslibutton is pressed. When the 
REMOTE pushbutton is pressed, an UP level is applied to the REMOTE PB input to LL. 

The REMOTE PB input disables the LOCAL INDICATOR output, resets the OCP ENABLE 
output to a DOWN level, and enables the REMOTE INDICATOR output and the SELECT (-) 
input of LL. The DOWN level OCP ENABLE output from LL removes control from the 
FORWARD, REVERSE, and REWIND pushbuttons on the operator control panel. The 
REMOTE INDICATOR output lights the REMOTE pushbutton indicator "white". 

A DOWN level SELECT (-) input to LL causes the UNIT SELECT (-) and SELECT & 
REMOTE (-) outputs from LL to go to the DOWN level and enables the SELECT & REMOTE 
INDICATOR output of LL. The SELECT & REMOTE INDICATOR output lights the REMOTE 
pushbutton indicator "red". The SELECT & REMOTE (-) output is applied to RL and resets 
the UNIT SELECT (+) output from RL to an UP level. The SELECT & REMOTE (-) input to 
RL also enables the REWIND COMMAND (-) and REWIND AND LOCKOUT (-) inputs to RL. 
The UNIT SELECT (4-) output from RL performs the following functions: 

(a) Enables the HI/LO DENSITY and READY (4-) inputs to RL and 
the REWINDING (4-) input to the REWINDING STATUS (-) 
circuit of RL. The READY (-) output from RL goes to the 
DOWN level when the READY (4-) input is enabled. 

(b) Enables the BOT (-) and EOT (-) outputs to the external equipment. 

(c) Enables the RUN/STOP and FWD/REV inputs (or the FWD/STOP 
and REV/STOP inputs) to FL. 


4-38. Forward and Reverse (RUN/STOP and FWD/REV Inputs) . When the standard forward/ 
reverse logic PCB is supplied, a direction level must be established prior to the run tran- 
sition to move tape at normal speed in either the forward or reverse direction. An interval 
of 5 microseconds (minimum) should separate the commands. A DOWN level on the FWD/ 
REV input line to FL, followed (after 5 microseconds) by a transition to the DOWN level on 
the RUN/STOP input line to FL, will cause the tape to run forward. An UP level on the FWD/ 
REV line, followed by a DOWN level on the RUN/ STOP line, will cause the tape to run in the 
reverse direction. A transition from 0 volts to -12 volts on the RUN/STOP line constitutes 
a run command. A transition from -12 volts to 0 volts constitutes a stop command. Forward 
and reverse are selected as follows: 

(a) Forward. When the FWD/REV input to FL is set to -12 volts, the 
RUN/STOP input controls the forward run Output. The transition of 
the RUN/STOP input to -12 volts sets the FWD (-) output from FL to 
the DOWN level. A DOWN level FWD (-) output from FL causes the 
tape drive system to move tape in the forward direction. 
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(b) Reverse. When the FWD/REV input to FL is set to 0 volts and the BOT 
tab is not sensed, the RUN/STOP input controls the REV (+) output from 
FL. If the BOT tab is sensed, the run command is ignored. The tran- 
sition of the RUN/STOP input to -12 volts sets the REV (+) output from 
FL to the UP level. An UP level REV (+) output from FL causes the tape 
drive system to move tape in the reverse direction. 


4-39. Forward and Reverse (FWD/STOP and REV/STQP Inputs) . When the forward/reverse 
logic -C PCB is supplied, a level transition on one of the two direction lines establishes the 
direction and run command required to move tape at normal speed in either the forward or 
the reverse direction. A transition to the DOWN level on the FWD/STOP input line to FL 
will cause the tape to run forward. A transition to the DOWN level on the REV/STOP input 
line to FL will cause the tape to run in the reverse direction. A transition to the DOWN 
level on both lines will cause tape motion to stop (caused by improper input to logic circuits 
of the tape drive system). A transition from 0 volts to -12 volts constitutes a run command. 
A transition from -12 volts to 0 volts constitutes a stop command. Forward and reverse are 
selected as follows; 

(a) Forward. A transition to -12 volts at the FWD/STOP input to FL sets 
the FWD (-) output from FL to the DOWN level. A DOWN level FWD (-) 
output from FL causes the tape drive system to move tape in the forward 
direction. 

(b) Reverse . When the BOT tab is not sensed, a transition to -12 volts at 
the REV/STOP input to FL sets the REV (+) output from FL to the UP 
level. An UP level REV (+) output from FL causes the tape drive 
system to move tape in the reverse direction. 

4-40. Stop. Once initiated, tape motion continues as long as the RUN/STOP input (or the 
FWD/STOP or REV/STOP input) remains at -12 volts unless the BOT tab is sensed or the 
STOP, REMOTE, or LOCAL pushbutton is pressed. The FWD (-) or REV (+) output from 
FL is reset by the BOT or MASTER RESET (+) input to FL. The FWD (-) or REV (+) output 
from FL is also reset by the transition of the RUN/STOP input (or the FWD/STOP or REV/ 
STOP input) to 0 volts. The MASTER RESET (+) input to FL is set to the UP level by the 
respective PB input to LL when the STOP, REMOTE, or LOCAL pushbutton is pressed. 

When the STOP or LOCAL pushbutton is pressed, the tape transport is set to local mode. 


I MOTi I 

When the EOT tab is sensed in the remote mode, tape motion 
is not stopped. The EOT (-) output to the external equipment: 
indicates the EOT tab is being sensed. The external equip- 
ment must set the RUN/STOP input (or the FWD/STOP input) 
to zero volts to stop tape motion. This is provided so that if 
an operation is being performed when the EOT tab is sensed, 
the operation can be completed before the tape is stopped. 
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4-41. Rewind . When the REWIND COMMAND (-) input to RL is at the DOWN level, the 
REWIND (-) output is set to the DOWN level, causing the tape drive system to initiate tape 
rewind as described in paragraph 4-35. Tape rewinding continues until the EOT tab passes 
the photosense head or the STOP pushbutton is pressed. If the STOP pushbutton is pressed, 
tape motion is stopped as described in paragraph 4-34; the MASTER RESET (+) signal also 
resets the tape transport to local mode. As the EOT tab passes the photosense head, the 
EOT (+) input from PH applies an UP level to the EOT (+) inputs of FL and RL. The EOT (+) 
input to RL resets the REWIND (-) outputs. The EOT (+) input to FL resets the FWD and 
REV outputs. This stops tape motion and rewind is complete, except as described in para- 
graph 4-35. The time delay circuit prevents the REWINDING (-) status signal from going 
FALSE for a period of 500 milliseconds after reverse tape motion stops, thus allowing the 
tape to be returned to the EOT tab. The EOT (-) status output is held FALSE during rewind 
by the REWINDING (-) signal from RL. 


NOTE I 

The REWIND COMMAND (-) input must be 
disabled by the external equipment during 
forward and reverse commands. The RUN/ 
STOP input (or the FWD/STOP and REV/ 

STOP inputs) must be disabled by the external 
equipment during rewind. 


4-42. Rewind and Lockout . When the REWIND AND LOCKOUT (-) input to RL is at the 
DOWN level, it causes the tape to be rewound as described in paragraph 4-41. The DOWN 
level REWIND AND LOCKOUT (-) input to RL causes the GO LOCAL (-) output to go to the 
DOWN level, which resets the tape transport to the local mode. 


NOTE 


The REWIND AND LOCKOUT (-) input must 
be disabled by the external equipment during 
forward and reverse commands. The RUN/ 
STOP (ox the FWD/STOP and REV/STOP 
inputs) must be disabled by the external 
equipment during the rewind and lockout 
operation. 
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4-43. Density Select Output . During remote mode operation, the HI/LO DENSITY input 
to RL is enabled by the SELECT & REMOTE (-) input. When the HIGH/LOW DENSITY 
pushbutton switch is in the HIGH position, the HI/LO DENSITY STATUS output from RL is 
at the DOWN level; when the switch is in the LOW position, the output is at the UP level. 

The HI/LO DENSITY STATUS output is supplied to the external equipment through pin C 
of J4 (or pin Y of J4 when the optional data electronics is supplied) on the input/output panel. 


4-44. READ/WRITE HEAD ASSEMBLY . 

The tape transport uses a dual-stack head assembly for read and write functions. 
Head operation is electrically independent of other tape transport components (except when 
the optional data electronics is supplied) although accurate tape contact with the head 
assembly is derived mechanically from related transport parts. Read/write amplifiers and 
detectors are required to reproduce or deliver data signals to and from the head assembly 
when the optional data electronics is not supplied. An erase head may be incorporated as 
an optional feature. 
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MAINTENANCE 


5-1. GENERAL . 

The TM-11 Tape Transport is designed to require minimum maintenance and 
service. Figures 5-1, 5-2, and 5-3 assist in rapid identification of major components. A 
listing of the tools and test equipment used in maintenance of the tape transport will be found 
in Table 5-5 at the end of this section. 


5-2. PREVENTIVE MAINTENANCE . 

A program of planned preventive maintenance will prevent unscheduled down time . 
Maintenance procedures may be scheduled by either the number of eight hour shifts, or by 
the hours of running time. (Refer to Table 5-1.) 

Lubriation of the tape transport is not necessary. 

5-3. CLEANING THE TAPE DECK. 

Check the tape deck as follows: 

I CAUTION I 

Solvents such as carbon tetrachloride may 
dissolve the head lamination adhesive. Use 
Ampex Head Cleaner (Catalog No. 087-007) 
for the head and metal guides. Denatured 
alcohol may be used for the capstan, vacuum 
chambers, and all rubber components. 

Ampex Head Cleaner shall not be used to clean 
rubber parts as its use will damage the rubber. 

Cleaning agents must not come in contact with 
the tape. Cleaning agents must not be allowed 
to penetrate bearings. 

Step 1 : Use a clean, lint -free cloth or cotton swab moistened with Ampex Head 

Cleaner to carefully wipe off all oxide and dirt that may be gathered on 
or around head stacks, head cover, tape cleaner, and tape guides. 
Allow the cleaning agent to evaporate completely before loading tape on 
the transport; the fluid agent may damage the tape. 
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TABLE 5-1 

SCHEDULE OF PREVENTIVE MAINTENANCE 


MAINTENANCE 

FREQUENCY 

OPERATION 

SHIFTS 

HOURS 

Clean tape deck 

. 

1 

8 

Clean positive -pressure filter 

15 

120 

Clean capstan -motor filter 
screen 

15 

120 

Clean tape cleaners 

100 

800 

Clean cabinet 

200 

1600 

Replace capstan motor and 
capstan 

300 

2400 

Check vacuum -blower 
motor brushes . 

1250 

10,000 

Check reel motor brushes. 

625 

5000 

Replace positive -pressure unit 

625 

5000 

Replace photosense head 
assembly 

1250 

10,000 

Replace reel motor and reel 
brake 

1250 

10,000 

Replace vacuum -blower unit 

1250 

10,000 

Replace loop sensor assembly 

1250 

10,000 

Replace cabinet blower unit 

1250 

10, 000 

Replace reel tachometers and 
pulleys 

3750 

30,000 


APPROX 
MIN EA 

QTY 

TOTAL 

TIME 

TEXT 

REF 

3 

1 

3 

5-3 

5 

1 

5 

5-6 

5 

1 

5 

5-7 

3 

2 

6 

5-4 

10 

1 

10 

5-5 

10 

1 

10 

5-10 

3 

4 

12 

5-17 

3 

4 

12 

5-14 

15 

1 

15 

-- 

15 

1 

15 

5-12 

20 

2 

40 

5-13 

15 

1 

15 

5-17 

5 

8 

40 

-- 

15 

1 

15 

-- 

10 

2 

20 
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Step 2 : Carefully place a clean, lint -free cloth or cotton swab moistened with 

alcohol against the capstan and tachometer pulley. Rotate the capstan and 
pulley by hand until all oxide and dirt are removed. 

Step 3: Using a clean, lint -free cloth or cotton swab moistened with alcohol, 

throughly clean inside surfaces of the vacuum chambers . Remove 
oxide and dirt from the loop sensors and lamp windows. 

Step 4: Clean vacuum chamber covers by repeating above procedure. 


Step 5 : Using a clean, lint -free dry cloth or cotton swab, thoroughly clean the 

surface of the photosense head. 

Step 6 : Using a clean, lint -free dry cloth, thoroughly clean the surface of the 

tape ledge. 


5-4. CLEANING THE TAPE CLEANERS. 

Clean the tape cleaners as follows: 

Step 1 : Remove the cleaner blades by loosening the blade retaining screws; the 

blades can then be removed from the cartridge . 

Step 2 : Using a clean, lint -free cloth or cotton swab moistened with Ampex Head 

Cleaner, carefully wipe off all oxide and dirt that may have gathered on or 
around the corners and mating surfaces . 

Step 3 : Reinstall blades and retaining screws, taking care that the blades are 

flush against the mating faces of the cartridge so that the tape path is not 
disturbed. 


5-5. CLEANING THE CABINET. 

The entire cabinet housing the tape transport, the tape transport units, and the 
cabinet blower filter should be thoroughly cleaned. 

\ CAUTION 

The window of the reel access door is plastic. 

Clean with a soft cloth moistened with denatured 
alcohol. Do not clean window with dry cloth. 
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5-6. 


CLEANING THE POSITIVE -PRESSURE FILTER. 


Clean the positive -pressure filter as follows: 

Step 1 : Remove the glass filter bowl by unscrewing the bowl from the filter 

body. 

Step 2 : Remove the felt filter element. 

Step 3 : Clean the filter element in alcohol and dry thoroughly. 

Step 4 : Reassemble by reversing the procedure followed during disassembly. 


5-7 . CLEANING THE CAPSTAN -MOTOR FILTER SCREEN. 
, Clean the capstan-motor filter screen as follows: 
Permanent -Magnet -Field Motor. 



Do not attempt to disassemble the capstan motor 
for any purpose . The field magnet is extremely 
powerful, and must be demagnetized before the 
motor can be disassembled. The motor should 
be returned to the manufacturer for any repairs 
requiring disassembly. 


Using a vacuum cleaner with a small brush attachment, vacuum all dust 
from the 14 screened air -intake ports on the capstan motor. 


Electromagnetic -Field Motor . 

Step 1 : Remove the filter -screen cap from the motor air intake (located 

between the two cooling hose fittings). 

Step 2 : Wash the filter -screen cap in a mild detergent solution, rinse, and 

then dry thoroughly . 

Step 3: Replace the filter -screen cap on the motor air intake. 
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5-8. REMOVAL AND REPLACEMENT PROCEDURES. 


5-9. UPPER OVERLAY PLATE REMOVAL AND REPLACEMENT. 

An upper overlay plate covers the mechanism of the tape deck. Remove the overlay 
plate as follows: 

Step 1 : Unload the tape from the transport. 

Step 2 : Remove the fixed reel and hub assembly. The reel and hub assembly 

is held in place by three screws. 

Step 3: Remove the upper overlay plate. The overlay plate is held in place by 

four screws; two screws are located under each tape reel. 


Step 4: Reassemble by reversing the procedure followed during disassembly. 

5-10. CAPSTAN -MOTOR AND CAPSTAN REMOVAL AND REPLACEMENT. 

WARNING 

Disconnect electrical power to prevent injury 
to personnel or damage to equipment. 



Step 1 : Remove the upper overlay plate by following the procedure of 

paragraph 5 -9 . 

Step 2 : Remove the capstan retaining screw . 

I CAUTION { 

The capstan is a precision device which should be 
handled with extreme care. Handle the capstan by 
the hub to avoid contact with the peripheral surfaces 
of the capstan. A hub -type capstan puller should be 
used to remove the capstan. 

Step 3: Remove the capstan from the capstan motor shaft. 

Step 4: Disconnect the electrical wiring from the capstan motor. 
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Step 5 : Remove the four screws holding the capstan motor to the tape deck 

casting (the motor must be supported while the screws are removed). 
Lift the capstan motor out of the tape deck casting from the rear. 

Step 6 : Reassemble by reversing the procedure followed during removal . 

5-11. READ/WRITE HEAD REMOVAL AND REPLACEMENT. 

S CAUTION I 

The head assembly is a precision instrument 
which should be handled with extreme care. 


Step 1: Remove the overlay plate by following the procedure of paragraph 5-9. 

Step 2: Remove the two screws securing the read/write head assembly to the 

tape deck casting. 

Step 3: Pull the read/write head assembly out to disconnect the electrical 

connectors . 

Step 4 : Replace the read/write head assembly by reversing the procedure followed 

during removal . 


5 -12 . PHOTOSENSE HEAD REMOVAL AND REPLACEMENT . 


WARNING 


Disconnect electrical power to prevent injury to 
personnel or damage to equipment. 

Step 1 : Remove the three screws holding the tape ledge in place. 

Step 2 : Pull the tape ledge away from the tape deck to allow access to the two 

screws attaching the photosense mounting bracket to the deck. Remove 
the two screws. 

Step 3 : Disconnect the photosense head fanning-strip electrical connector from 

A1A1TB4. 
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Step 4 : Pull the photosense head electrical cable through the tape deck casting 

to remove the photosense head and mounting bracket. 

Step 5 : Remove the two screws holding the photosense head to the mounting 

bracket and remove the photosense head from the bracket. 

Step 6 : Replace the photosense head by reversing the procedure followed 

during removal. 

5-13. REEL RETAINER REMOVAL AND REPLACEMENT. 

Remove the IBM Type reel retainer as follows. 

Step 1 : Remove the reel retainer cover assembly by rotating the locking knob 

counterclockwise. 

Step 2 : Remove the three Allen-head screws attaching the reel retainer base 

assembly to the reel motor turntable and remove the base assembly 
and turntable shims. 

Step 3 : Replace the reel retainer by reversing the procedure followed during 

removal. Do not install the turntable shims at this time. 

Step 4 : Apply power to the tape transport. Load a reel of tape on the transport. 

Step 5 : Program the tape transport for forward and reverse operation. Check 

tape tracking at the reel of the newly installed reel retainer. Install 
turntable shims (removed during Step 2) as necessary to obtain proper 
tape tracking. 

5-14. REEL MOTOR ASSEMBLY REMOVAL AND REPLACEMENT. 

Remove the reel motor assembly as follows: 

Step 1: Remove the reel (file or fixed) from the reel motor to be replaced. 

If a permanently -mounted fixed reel is used, the reel is held in place 
by three screws located under the dust cap at the center of the reel. 
Remove the three screws; remove the fixed reel and hub assembly 
and the turntable shims . 

Step 2 : Where used, remove the reel retainer in accordance with the procedure 

of paragraph 5-13. 

Step 3 : Remove the reel braLe in accordance with the procedure of paragraph 

5-15. 
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Step 4 : Disconnect the reel motor electrical cable from terminal board 

A1A1TB2. 

Step 5 : Remove the four nuts securing the reel motor to the tape deck casting. 

Remove the reel motor. 

MOTl I 

Note the position of any shims located 
under the flange of the reel motor; re- 
tain the shims for use during reassembly . 


Step 6 : Install the reel motor in the tape deck casting. Install the shims 

removed during Step 5 in the same position from which they were 
removed. 


Step 7 : Check that the turntable base is parallel within 0.002-inch to the 

machined face of the tape deck casting. If necessary, relocate the 
shims installed in Step 6. 

Step 8 : Install the reel brake in accordance with the procedure of paragraph 

5-15. 


Step 9 : Replace the permanently -mounted fixed reel removed in Step 1 (or the 

reel retainer removed in Step 2) by reversing the procedure followed 
during removal. Do not install the turntable shims at this time. 

Step 10 : Apply power to the tape transport. Load a reel of tape on the transport. 

Step 11 : Program the tape transport for forward and reverse operation. Check 

tape tracking at the reel of the newly installed reel motor. Install 
turntable shims as necessary to obtain proper tape tracking. 

5-15. REEL MOTOR BRAKE AND BRAKE LINING REMOVAL AND REPLACEMENT. 

Remove the reel motor brake and brake lining as follows . 


Step 1 : Apply power to the transport and operate the TAPE LOAD switch. 

Ensure that the brake is in the energized position so that the reel 
rotates freely. 

I CAV|TION } 

To prevent loss of parts of the assembly 
due to spring action, the brake should not 
be removed in the deenergized condition. 
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Step 2 : With power applied, remove the four screws from the rear of the brake 

housing. Remove the brake assembly from the reel motor. (See 
Figure 5-4.) 

Step 3 : Remove the reel brake lining assembly from the reel motor hub. 

Step 4 : To replace the brake lining assembly with a new part, place the new 

lining assembly onto the motor brake hub and reassemble the brake 
assembly, reversing the procedures outlined in Steps 2 and 3. Adjust 
the air gap in accordance with the procedure of paragraph 5-25. 

Step 5 : To replace the complete brake assembly, place the brake lining as- 

sembly removed in Step 3 into the brake housing. Remove the four 
mounting screws from the end plate. Place the end plate on the brake 
housing and secure, using the four long screws removed in Step 2. 

Step 6 : Remove power from the transport. 

Step 7 : Disconnect the electrical cable of the brake from terminal board 

A1A1TB2. 

Step 8 : Connect the electrical cable of the new brake assembly to terminal 

board A1A1TB2. 

Step 9 : Apply power to the transport. 

Step 10 : Install the new brake assembly by reversing the procedures outlined in 

Steps 2 and 5. , Adjust the air gap in accordance with the procedure of 
paragraph 5 -25 . 



Do not remove the four long screws 
from the rear of the brake assembly 
before applying power to the transport. 

5-16. VACUUM CHAMBER REMOVAL AND REPLACEMENT. 

Remove the vacuum chamber as follows. 

Step 1 : Remove the reel access door in accordance with the procedure of 

paragraph 5 -20 . 

Step 2: Open the lower overlay door. 


5-12 



REEL MOTOR 


ROLL PIN- 


END PLATE 







ARMATURE 


WASHER- 
i(IF REQUIRED) 




ADJUSTING 

SLEEVE 



ROTATED 90» 


Figure 5-4 

Reel Motor Brake, Exploded View 



Step 3 : Remove the vacuum chamber covers. 

Step 4 : Disconnect the electrical cables of the loop sensor assemblies at 

terminal board A1A1TB3. 

Step 5 : Disconnect the vacuum interlock tubing at the rear of the vacuum 

chamber. 

Step 6 : Loosen the screws securing the tape ledge . 

Step 7 : Remove the four screws attaching the vacuum chamber to the tape 

deck casting. Remove the screw at the bottom of the chamber securing 
the chamber bracket to the vacuum plenum . Pull the lower end of the 
chamber away from the tape deck to disconnect the vacuum -plenum 
supply tubing from the chamber outlet port. 

Step 8 : Remove the vacuum chamber. 

Step 9 : Replace the vacuum chamber by reversing the procedure followed 

during removal. 

5-17. CHECKING REEL MOTOR AND REPLACEMENT OF BRUSHES. 

Step 1 : Remove reel. 

Step 2 : Grasp holddown knob firmly, move it in and out, checking for shaft 

end play. 

Step 3 : If any noticeable end play is felt, remove and replace reel motor in 

accordance with the procedure of paragraph 5-14. 

Step 4 : Remove the screws holding the end dust cap on the motor and remove 

the dust cap. 

Step 5 : Remove the brushes from the brush holders; install new brushes. 

Step 6 : Reinstall the end dust cap. 

5-18. VACUUM-BLOWER UNIT AND MOTOR BRUSH REMOVAL AND REPLACEMENT. 

(See Figure 5-5.) 

Steps 1 through 6 describe the procedure for removing and replacing the vacuum - 
blower unit. Steps 7 and 8 are used for motor brush removal and replacement. 

Step 1 : Disconnect the power cable from the vacuum -blower unit. 
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step 2 : Remove the power connector from the blower motor bracket by pressing 

the two nylon legs toward the center of the connector; then push the 
connector through to the inside. 

Step 3 : Remove the three, screws securing the blower motor bracket to the 

bottom of the vacuum plenum. 

Step 4 : Remove the two nuts securing the blower motor bracket to the bracket 

support rods . 

Step 5: Remove the blower motor bracket and the vacuum -blower unit. 


Step 6 : If the vacuum -blower unit is being replaced, reassemble by reversing 

the procedure followed during disassembly. 

Step 7 : Remove the screws holding the brush dust caps in place and remove the 

dust caps. Remove the copper clips holding the brushes in place by 
gently prying out with a screwdriver. Brushes will then pop out. 


I MO” I 

Replace the brush assembly when the 
brush does not extend at least 9/16- 
inch (released condition) beyond the 
spring of the brush assembly . 

Step 8 : Replace the brushes by reversing the procedure of Step 7. 

5-19. . REEL TACHOMETER ASSEMBLY REMOVAL AND REPLACEMENT. 

Remove and replace the tachometer assembly in the following manner. 


Step 1 : Disconnect the electrical connection at the rear of the tachometer. 

Step 2 : Remove the three screws holding the reel tachometer assembly to 

the tape deck casting. Lift the assembly out of the casting. 

Step 3 : Remiove the reel tachometer pulley from the shaft of the tachometer. 

Step 4 : Replace the reel tachometer assembly by reversing the disassembly 

procedure. 

Step 5 : Check the tracking of tape on the transport and adjust the position of 

the reel tachometer pulley as necessary. 
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5-20. REEL ACCESS DOOR REMOVAL AND REPLACEMENT. 

Remove the reel access door in the following manner: 

Step 1 : Remove the two screws attaching the reel access door lower stops to 

the side trim (one screw and stop on each side of the transport). 
Remove the stops. 

Step 2 : Slide the reel access door down until the door clears the notch cutout 

in side trim and remove the door. 


5-21. WRITE -ENABLE SWITCH ASSEMBLY REMOVAL AND REPLACEMENT. 

Remove and replace the write -enable switch assembly as follows (Step 5 is unique 
to switch replacement and Step 6 is unique to actuator assembly replacement): 

Step 1 : Disconnect the electrical cable of the write -enable switch from 

terminal board A1A1TB3 on the rear of the tape deck. 

Step 2 : Remove the two screws attaching the write -enable switch assembly to 

the tape deck casting and remove the assembly from the casting. 

Step 3 : Disconnect the positive -pressure supply tubing from the rear of the 

pneumatic actuator. 

Step 4 : Remove the two screws attaching the switch to the actuator assembly 

and remove the switch. 

Step 5 : Switch Replacement Only: Label each wire at switch to identify location, 

unsolder at terminals, and remove wires from switch. Attach the new 
switch to the actuator assembly using the two attaching screws removed 
in Step 4, but do not tighten the screws. Connect the wires removed 
from the old switch to the correct terminals on the new switch and 
solder the three connections. 

Step 6 : Actuator Assembly Replacement Only: Attach switch to the new actuator 

assembly, using the two attaching screws removed in Step 4, but do not 
tighten the screws. 

Step 7 : Position the switch to be actuated when the bottom (opposite the pivot 

end) of the sensor unit is moved toward the switch 2 to 5 degrees from 
a position parallel to the front of the assembly bracket. Tighten the 
two switch attaching screws . 
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Step 8 : Replace the write -enable switch assembly by reversing the procedure 

followed during removal (Steps 1 through 3). 

Step 9 : Adjust the write-enable switch assembly in accordance with the 

procedure of paragraph 5-32. 

5-22, ADJUSTMENTS . 

5-23. VACUUM ADJUSTMENT. 

Adjust the vacuum pressure as follows. 

Step 1 : Disconnect the tubing connecting the bottom interlock sense port of one 

of the vacuum chambers to the associated vacuum interlock switch at 
the switch end. Connect the loose end of the tubing to a vacuum gauge 
capable of measuring 0 to 35 in. -of -water to an accuracy of ±5%. 

I CAUTION I 

Do not operate the tape transport in 
forward or reverse with the vacuum 
gauge connected. 

Step 2 : Adjust the tape loops in the file reel and fixed reel vacuum chambers 

so that the loops are halfway between the middle two loop sensors. 

Step 3 : Press the door interlock override pushbutton. 

Step 4 : Systems Using the Autotransformer Assembly : Measure the line 

voltage between terminals 11 and 12 of terminal board A1A2TB1 in 
the autotransformer assembly. Adjust the vacuum bleeder valves to 
obtain the vacuum shown in Table 5-2 for the line voltage measured. 

The bleeder valves are located at the back of the vacuum plenum 
adjacent to the capstan motor cooling hoses. (See Figure 5-2.) 

Systems Using the Vacuum Control Assembly : Adjust potentiometer 
R6 in the vacuum control assembly for a vacuum pressure of 23 ±1 
inches -of -water, as indicated on the vacuum gauge. Potentiometer R6 
is located adjacent to the fixed reel vacuum chamber. (See Figure 5-1.) 

Step 5 : Disconnect the vacuum gauge. Reconnect the tubing to the vacuum 

switch . 


5-18 



TABLE 5-2 

VACUUM VS LINE VOLTAGE 


LINE VOLTAGE 

VACUUM 

(RMS) 

(INCHES OF H 2 O) 

-10% 

19 ±1 

NOMINAL 

23 ±1 

+10% 

27 ±1 


5-24. LOGIC POWER SUPPLY ADJUSTMENTS. 

Perform the following steps. (See Figure 5-6 for potentiometer location.) 

Step 1 : Connect a DC digital voltmeter (DVM) between terminals 6 and 8 of 

terminal board A2A4TB1 on the logic power supply (use terminal 8 as 
the zero volt reference). Adjust RIO (bottom potentiometer) on the 
power-supply regulator PCB to obtain +12.00 ±0.06 volts at terminal 6, 
as indicated on the DVM. 

Step 2 : Connect the DVM between terminals 2 and 4 of A2A4TB1 (use terminal 4 

as the zero volt reference). Adjust R26 (top potentiometer) on the 
regulator PCB to obtain -12.00 ±0.06 volts at terminal 2, as indicated 
on the DVM. 

Step 3 : Connect the DVM between terminals 10 and 12 of A2A4TB1 (use terminal 

12 as the zero volt reference). Adjust R48 (middle potentiometer) on 
the regulator PCB to obtain -6.00 ±0.03 volts at terminal 10, as indicated 
on the DVM. 


5-25. REEL BRAKE AIR-GAP ADJUSTMENT. 

Adjust the reel brake air-gap as follows. (See Figure 5-4.) 

Step 1 : Remove power from the brake coil. 

Step 2 : Measure the air-gap between the armature and the outer pole of the 

electromagnet. The gap should be 0.015 ±0.003 inch. If required, 
reset the air-gap in accordance with the procedures of Steps 3 through 8. 

Step 3: Apply power to the brake coil. 
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Step 4 : Loosen the four screws securing the brake to the end plate. 

Step 5 : Rotate the adjusting sleeve to change the air-gap (one turn equals a 

0.062 -inch change in the air-gap). 

Step 6 : Retighten the four screws loosened in Step 4. 

Step 7 : Remove power from the brake coil. 

Step 8 : Recheck the air-gap as described in Step 2. Repeat Steps 3 through 8 

if required. 

5-26. POSITIVE -PRESSURE ADJUSTMENTS. 

Adjust the pressure settings of the positive-pressure interlock switch and the 
positive -pressure regulator as follows (Step 4 is unique to setting the interlock -switch low 
pressure point): 

Step 1 : Remove the machine screw which seals the test fitting located on the 

positive -pressure manifold plate. Connect a 0 to 30 psig (±5 percent 
accuracy) pressure gauge to the test fitting. 

Step 2 : Apply power to the transport and press the STOP pushbutton. 

Step 3 : Using a 15/ 16 -inch wrench, loosen the locknut on the positive -pres sure 

regulator (hold the regulator body in place with a 3/4 -inch open-end 
wrench to prevent the regulator body from turning with the locknut) . 

Step 4 : Interlock-Switch Adjustment: Rotate the knurled knob on the pressure 

regulator in the counterclockwise direction (viewed from the knob end) 
to obtain a positive pressure of 5 ±1 psig, as indicated on the pressure 
gauge. Rotate the milled-edge wheel on the interlock switch assembly, 
as required, to obtain a setting where the switch is just actuated. 
Clockwise rotation of the wheel (viewed from the switch side) causes 
the switch to be actuated at a higher pressure; counterclockwise rotation 
causes actuation at a lower pressure. 

Step 5 : Rotate the knurled knob on the pressure regulator, as required, to 

obtain a positive pressure of 12 ±1 psig, as indicated on the pressure 
gauge. Clockwise rotation of the knob (viewed from the knob end) 
causes an increase in pressure; counterclockwise rotation causes a 
decrease in pressure. 

Step 6 ; Tighten the locknut on the positive-pressure regulator . Ensure that 
the pressure setting is the same after the locknut is tightened. 
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Step 7 : Disconnect the pressure gauge from the manifold fitting. Reseal the 

fitting witli the machine screw removed in Step 1. Remove power 
from the transport. 


5-27. CAPSTAN SERVO SYSTEM ADJUSTMENTS. 

The capstan servo system adjustments are accomplished by potentiometers on the 
capstan servo control PCB assemblies (CA, Cl, and CV). See Figure 5-6. When an 
electromagnetic -field capstan motor is used, an additional potentiometer located in the 
capstan servo assembly is used for adjustment of the field current. 


I I 

Verify that power supply outputs are within 
0.5 percent of nominal value before making 
capstan servo system adjustments. 


Adjust the capstan servo system as follows. (See Figure 5-7.) 

Step 1 : Remove the capstan current control PCB (Cl, J12) from the control 

electronics card cage. Adjust R12 (top potentiometer) on Cl fully 
counterclockwise. 



CAUTION 


Do not disconnect capstan -motor field -winding 
lead with armature voltage applied. 


Step 2 : Electromagnetic -Field Capstan Motors Only : Adjust R44 on the capstfin 

servo assembly fully counterclockwise. Disconnect the capstan -motor 
field -winding lead at terminal A2A1TB1-2 on the capstan servo assembly. 
Connect a 0 to 5 ampere (±5 percent accuracy) ammeter between the dis- 
connected lead and terminal A2A 1TB 1-2 (connect the positive terminal 
of the ammeter to terminal A2A 1TB 1-2). 


Step 3 : Connect an isolated DC voltmeter across the capstan-motor armature 

terminals (terminals A2A1TB1-3 and A2A1TB1-4 may be used). 

Step 4 : Apply power to the transport. Load a reel of tape on the transport, but 

do not place the tape around the capstan or capstan tape guides . 

Step 5 : Press the STOP pushbutton. Wait 30 seconds for the initial turn-on 

transient to disappear. 
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TABLE 5-3 

FREQUENCY VS TAPE SPEED 



*Equation used: (Tape speed) x (BPI of tape) = counts -per-second 
Tolerance: ±1 percent 2 


Step A5 : Recheck the speed in the forward direction and readjust R32, if 

necessary. Press the STOP pushbutton. 

Step A6 : CVE Capstan Velocity PCB Assemblies Only : Press the FORWARD 

pushbutton and transfer approximately 600 feet of tape to the fixed 
reel. Press the STOP pushbutton. Press the REWIND pushbutton. 
Adjust R42 (fourth -from -top potentiometer of five potentiometers) 
on CVE until the frequency counter indicates 120, 000 ±6000 counts - 
per-second (corresponding to a tape speed of 300 ±15 ips). Allow 
the tape to rewind completely. 

Step A7: Remove power from the transport. 


METHOD B. Using Stroboscope. 

Step Bl : Load a reel of tape on the transport. 

Step B2 : Press the FORWARD pushbutton. Adjust R32 (third-from-top 

potentiometer) on the capstan velocity PCB (CV, J14) until the 
capstan is rotating at the rpm (as measured with the stroboscope) 
listed in Table 5-4 for the applicable tape speed. Press the STOP 
pushbutton. 

Step B3 : Press the REVERSE pushbutton. Adjust R36 (bottom potentiometer) 

on CV as for R32, with the tape moving in the reverse direction. 
Press the STOP pushbutton. 

Step B4 : Recheck the speed in the forward direction and readjust R32, if 

necessary. Press the STOP pushbutton. 
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TABLE 5-4 


CAPSTAN RPM VS TAPE SPEED 
(CAPSTAN SPEED ADJUSTMENT) 

TAPE SPEED 

CAPSTAN RPM* 

120 ips 

918 ±10 

112.5 ips 

735 ±8 

75 ips 

574 ±6 


^Equation used; (7. 65) x (tape speed) = RPM 
Tolerance: ±1 percent (rounded off) 


Step B5 : CVE Capstan Velocity PCB Assembly Only : Press the FORWARD 

pushbutton and transfer approximately 600 feet of tape to the fixed 
reel. Press the STOP pushbutton. Press the REWIND pushbutton. 
Adjust R42 (fourth -from -top potentiometer of five potentiometers) 
on CVE until the capstan is rotating at 2295 ±115 rpm (as measured 
with the stroboscope). This rpm corresponds to a tape speed of 
300 ±15 ips. Allow the tape to rewind completely. 

Step B6 : Remove power from the transport. 

Step 9 : Connect pin 10 of J13 to logic ground, using a clip lead. Insert the 

capstan current control PCB (Cl) into J12 of the control electronics 
card cage. Apply power to the transport. Press the STOP push- 
button and wait 30 seconds. 

Step 10 : Jumper test points TPl (top) and TP2 (center) on Cl with a clip lead. 

Connect an oscilloscope to observe the waveform at test point TP3 
(bottom) on Cl. Adjust R32 (bottom potentiometer) on Cl until the 
positive and negative peaks of the waveform at TP3 are equidistant 
from zero volts, as indicated on the oscilloscope. 

Step 11 : Remove the clip lead between TPl and TP2 on Cl. The voltage at TP3 

should be 0.00 ±0.25 volts, as indicated on the oscilloscope. Remove 
the clip lead between pin 10 of J13 and logic ground. 

Step 12 : Connect the oscilloscope to observe the waveform at test point TP2 

(center) on CA. Adjust R28 (bottom potentiometer) on CA for zero 
volts at TP2, as indicated on the oscilloscope. 
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Step 13: 


Step 14: 


Step 15: 


Step 16: 


Step 17: 


Step 18: 


Step 19: 


Load a master tape (all ONE's) on the tape transport. Press the 
FORWARD puslibutton. Adjust R15 (top potentiometer) on CV for zero 
volts at TP2 on CA, as indicated on the oscilloscope. Press the STOP 
pushbutton. 

Press the REVERSE pushbutton. Adjust R33 (second-from-top potenti- 
ometer) on CV for zero volts at TP2 on CA, as indicated on the oscillo- 
scope. Press the STOP pushbutton. 

Press the REMOTE pushbutton. Using a programmer, program the 
transport to alternately drive forward for 20 ms, stop for 20 ms, 
drive reverse for 20 ms, and stop for 20 ms before repeating the cycle 
(a repetition rate of approximately 25 direction reversals per second) . 
Connect the oscilloscope to a read head as shown in Figure 5-8. Adjust 
R23 (third -from -top potentiometer) on CA to obtain a waveform similar 
to that shown in Figure 5-9C. 


Adjust R26 (middle potentiometer) on Cl to obtain the specified start 
time for the applicable tape speed, as indicated on the oscilloscope. 
The start times for the applicable tape speeds are as follows: 


(a) 120 IPS: 3.8 ms. 

(b) 112.5 IPS: 4.0 ms. 

(c) 75 IPS; 6.0 ms 


Sync the oscilloscope with the reverse STOP command. Adjust R23 
(third-from-top potentiometer) on CA for minimum amplitude of any 
satellites present during the reverse OFF time (following the reverse 
stop), as indicated on the oscilloscope. (See Figure 5-9C for example 
of satellites.) 


Sync the oscilloscope with the forward STOP command. Adjust R1 
(second-from-top potentiometer) on CA for minimum amplitude of 
any satellites present during the forward OFF time (following the 
forward stop), as indicated on the oscilloscope. 


Sync the oscilloscope with the forward RUN command. Adjust R12 
(top potentiometer) on Cl to obtain an unmodulated leading-edge on the 
waveform during start time, as indicated on the oscilloscope. (See 
Figure 5-9B for example of modulation.) Stop the transport. Press 
the LOCAL pushbutton. 
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Figure 5-9 

Read Amplifier Output Waveforms, Capstan Servo Adjustment 
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Step 20: 


Step 21: 


Step 22: 


Step 23: 


Step 24: 


Step 25: 


Step 26: 


Connect an isolated DC voltmeter across the capstan-motor armature 
terminals (terminals A2A1TB1-3 and A2A1TB1-4 on the capstan servo 
assembly may be used). If required, adjust R14 (top potentiometer) 
on the capstan acceleration PCB (CA) to obtain zero volts between the 
capstan-motor armature terminals, as indicated on the voltmeter. 

Connect the oscilloscope to observe the waveform at test point TP2 
(center) on CA. If required, adjust R28 (bottom potentiometer) on CA 
for zero volts at TP2, as indicated on the oscilloscope. 

Press the REMOTE pushbutton. Using the programmer, program the 
transport to alternately drive forward for 20 ms, stop for 20 ms, drive 
reverse for 20 ms, and stop for 20 ms before repeating the cycle (a 
repetition rate of approximately 25 direction reversals per second). 
Connect the oscilloscope to a read head as shown in Figure 5-8. 

Repeat Step 16, if required. 

Repeat Steps 17 and 18 with the addition of the following adjustment: 
Adjust R14 (top potentiometer) on CA for minimum amplitude of any 
satellites occurring approximately five milliseconds after the stop 
(R1 and R23 are adjusted for minimum amplitude of any satellites 
occurring immediately after the forward and reverse stops, 
respectively). 

Sync the oscilloscope with the forward RUN command. Adjust R15 
(top potentiometer) on CV, if required, to obtain an instantaneous speed 
variation (ISV) of 10 percent or less during the 10 -millisecond period 
following the forward start command, as indicated on the oscilloscope. 
(See Figure 5-9C for example of ISV.) 

Sync the oscilloscope with the reverse RUN command. Adjust R33 
(second -from -top potentiometer) on CV, if required, to obtain an ISV 
of 10 percent or less during the 10-millisecond period following the 
reverse start command, as indicated on the oscilloscope. Stop the 
transport. Press the LOCAL pushbutton. 

Connect the oscilloscope to observe the voltage at test point TP2 on 
CA. Press the FORWARD pushbutton and monitor the voltage at TP2 
on CA for several seconds. Press the STOP pushbutton. Press the 
reverse pushbutton and monitor the voltage at TP2 on CA for several 
seconds. Press the STOP pushbutton. Voltage in excess of 0.0 ±0.5 
volt during continuous run in either direction indicates excessive 
friction in the tape path. Remove power from the transport. 
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5-28. REEL SERVO SYSTEM ADJUSTMENTS. 

The reel servo system adjustments are accomplished by potentiometers on the 
reel servo control PCB assemblies (RP and RR). See Figure 5-6. 

MOT! 

Verify that power supply outputs are 
within 0 . 5 percent of nominal value 
before making reel servo system 
adjustments. 

5-29. Preliminary Adjustments . This portion of the adjustment procedure is to be 
followed only when the reel servo preamplifier PCB (RP) has been replaced. 

Step 1 : Remove the reel servo preamplifier PCB (RP) from J15 of the control 

electronics card cage. 

Step 2 : Connect an ohmmeter between terminals 1 and 2 of R8 (top potentiometer) 

on the reel servo preamplifier PCB (RP). Adjust R8 to obtain a resistance 
of 5000 ohms, as indicated on the ohmmeter. 

Step 3 : Connect the ohmmeter between terminals 1 and 2 of R9 (bottom potenti- 

ometer) on the PCB. Adjust R9 to obtain a resistance of 5000 ohms, as 
indicated on the ohmmeter. 

Step 4 : Insert the reel servo preamplifier PCB (RP) into J15 of the control 

electronics card cage. 

5-30. Final Adjustments. This portion of the procedure is followed after the capstan 
servo system has been properly adjusted. 

Step 1 : Apply power to the transport and load a reel of tape. Press the STOP 

pushbutton. Ensure that the tape loop in each vacuum chamber is 
between the FEED FWD and FEED REV loop sensors. 

Step 2 : Reel servo zero balance adjustment: Connect a DC voltmeter across 

test points 2TP1 and 2TP2 on the reel servo driver PCB (RR). Adjust 
2R4 (top potentiometer) on RR for zero volts, as indicated on the volt- 
meter. Connect the voltmeter across test points ITPl and 1TP2 on RR. 
Adjust 1R4 (bottom potentiometer) on RR for zero volts, as indicated 
on the voltmeter. 
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Step 3 : Fixed reel servo speed adjustment: Jumper test points TPl and TP2 

(bottom test points) on the reel servo preamplifier PCB (RP) with a clip 
lead. Press die FORWARD pushbutton. Adjust R8 (top potentiometer) 
on RP so that the tape loop in the fixed reel vacuum chamber remains 
between the LOOP SENSE FWD and FEED FWD loop sensors (located 
at the lower end of the vacuum chamber). Press the STOP pushbutton. 
Remove the clip lead. 


Step 4: 


File reel servo speed adjustment : Jumper test points TPS and TP4 (top 
test points) on the reel servo preamplifier PCB (RP) with a clip lead. 
Press the REVERSE pushbutton. Adjust R9 (bottom potentiometer) on 
RP so that the tape loop in the file reel vacuum chamber remains be - 


tween the LOOP SENSE REV and FEED REV loop sensors (located at 


the lower end of the vacuum chamber). Press the STOP pushbutton. 


Remove the clip lead. 


5-31. PHOTOSENSE THRESHOLD ADJUSTMENT. 

Adjust the photo sense threshold as follows. (See Figure 5-6.) 

Step 1 : Apply power to the transport. Load a test tape (with BOT and EOT 

reflective tabs attached) on the transport. (See Figure 3-2 for correct 
tab placement.) Position the tape so that a BOT tab is over the outer 
section (away from the tape deck) of the photosense head. 

Step 2 : Connect a DC VTVM or an oscilloscope to measure the voltage at pin 17 

of J9. Adjust 1R2 (bottom potentiometer) on the photoamplifier PCB 
(PH, J9) until the voltage measured at pin 17 just switches from a nega- 
tive voltage (approximately -6 volts) to 0.0 ±0.2 volts. Adjust 1R2 two 
full turns clockwise from the transition point setting. 

Step 3 : Position the tape so that no reflective tab is over die photosense head. 

The voltage measured at pin 17 of J9 should switch from 0.0 ±0.2 volts 
to a negative voltage when the BOT tab is moved off the photosense head. 

Step 4 : Position the tape so that an EOT tab is over the inner section (adjacent 

to tape deck) of the photosense head. 

Step 5 : Connect the DC VTVM or the oscilloscope to measure the voltage at 

pin 20 of J9. Adjust 2R2 (top potentiometer) on PH until the voltage 
measured at pin 20 just switches from a negative voltage (approximately 
-6 volts) to 0.0 ±0.2 volts. Adjust 2R2 two full turns clockwise from 
the transition point setting. 
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Step 6: 


Position the tape so that no reflective tab is over the photosense head. 
The voltage measured at pin 20 of J9 should switch from 0,0 ±0.2 volts 
to a negative voltage when the EOT tab is moved off the photosense head 


5-32. WRITE -ENABLE SWITCH ASSEMBLY ADJUSTMENT. 

Adjust the write -enable switch assembly as follows: 

Step 1 : Loosen the two screws attaching the assembly to the tape deck casting. 

Adjust the assembly to position the sensor probe in the file reel write 
enable groove (ring removed). Tighten the two screws. 


I mote I 

The sensor probe used with an IBM type 
reel consists of a headless screw located 
in the foarward face of the hinged sensor 
unit at reel groove level. This headless 
screw is removed when an NAB type reel 
is used and the lower section of the sensor 
unit (from which the screw is removed) 
serves as the sensor probe. 

5-33. CHECKING OPERATIONAL PARAMETERS. 


5-34. START- AND STOP -TIME CHECKOUT. 


5-35. Start Time Definition . Start time is defined as the time from the application of a 
RUN command until the tape passing over the read/write head has obtained the nominal 
speed. Start time is 3.8 ms maximum for 120 ips. 

5-36. Stop Time Definition . Stop time is defined as the time from the application of a 
STOP command until all tape motion over the read/write head has ceased. Stop time is 
3.8 ms maximum for 120 ips. 

5-37. Checkout Procedure. Start and stop times are checked by observing the output 
from a read head. The following equipment is required to check start and stop time . 

(a) Calibrated oscilloscope (Tektronix 535 or equivalent) . 

(b) Master tape, recorded at 800 bpi. 
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(c) Read amplifier. 


(d) Start -stop programmer. 

Check the start and stop time as follows: 

Step 1 : Apply power to the transport. Load the test tape on the transport. 

Press the STOP pushbutton. 

Step 2 : Connect the equipment as shown in Figure 5-10. 

Step 3 : Using the programmer, program the transport to start-stop in the 

forward and reverse directions at a rate of approximately 50 cycles 
per second, (10 ms forward, 10 ms stop, 10 ms reverse, and 10 ms 
stop.) 

Step 4 : Trigger the oscilloscope with the programmer output to observe the 

start and stop characteristics. The leading edge of the read amplifier 
output must reach terminal voltage within 3,8 ms* from initiation of 
RUN command, as shown in Figure 5-11. The trailing edge of the read 
amplifier output must intersect the zero axis within 3.8 ms* from 
initiation of STOP command. 


5-38. INTERCHANNEL TIME DISPLACEMENT ERROR (ITDE) CHECKOUT. 

The following procedure permits measurement of interchannel time displacement 
error of any data track from any other data track or reference track. The procedure does 
not permit separation of errors introduced by write and read electronics. 

The following equipment is required to measure ITDE: 

(a) Master tape recorded at 800 bpi. 

(b) Dual trace oscilloscope. 

(c) Read amplifiers. 

Check ITDE as follows: 

Step 1 : Connect the test equipment as shown in Figure 5-12. 

Step 2 : Load the tape on the transport. 

Step 3 : Press the FORWARD pushbutton. A display such as is shown in 

Figure 5-13 should appear on the oscilloscope. 


*For 120 ips. 
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Figure 5-10 

Start- and Stop-Time Measurement, Test Setup 



NOTE: All start and stop times to be 3.0 ms max 


Figure 5-11 

Start- and Stop -Time Measurement, Waveshape 
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READ HEAD OF 
REFERENCE TRACK 



Figure 5-12 

Interchannel Time Displacement Error, Test Setup 



1 Microsecond/Div 


Figure 5-13 

Interchannel Time Displacement Error, Typical Waveshape 
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Step 4 : Switch the non-reference input of the oscilloscope to the other tracks 

in turn to measure the ITDE of each track with respect to the reference 
track. The ITDE must be as specified in Section I. 

5-39. PHOTOSENSE CHECKOUT. 

A test tape with reflective tabs attached is required to perform the following test. 

Check the photosense as follows: 

Step 1 : Load the tape on the transport. 

Step 2 : Run the tape through completely. The tape transport should operate 

without interruption, but must stop whenever a tab passes over the 
photosense head. 

5-40. TOOLS AND TEST EQUIPMENT. 

Table 5-5 lists the general nature of tools and test equipment required to maintain 
the TM-11. Manufacturer’s names and numbers are given only as a guide; any equivalent 
tool or test equipment may be used. 
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TABLE 5-5 
SUGGESTED TOOLS 


TOOL 

RECOMMENDED EQUIPMENT 

Capstan puller, hub type 
Gauge, thickness 
Mirror, inspection 
Penlight, heavy duty 
Pliers, diagonal cutting, 5" 

Ampex #3115577-10 
Starrett #66 
G.C. #5090 
Eveready #315 
Klein #202-5 

Pliers, internal ring, 45° 

Pliers, long nose, 6" 

Pliers, needle nose, 6" 

Pliers, 7-1/2” 

Pressure gauge, 0 to 30 psig, ±5% 

Truarc #21 
Klein #303-6 
Utica #777-6 
Proto #242 
Ampex #090-101 

Scale, steel, 6" 

Scissors, 2-1/2" blade 
Screwdriver, screw starter 
Screwdriver set, Phillips 
Screwdriver set, standard 

Starrett #384 
Wiss #173 
Pearson #3 
Proto #9600A 
Snap -On #SD-130K 

Screwdriver, stub, large 
Screwdriver, stub, medium 
Screwdriver, stub, small 
Scribe 

Soldering aid 

Xcelite #R-5166 
Xcelite #R-3l64 
Xcelite #R-184 
Starrett #70A 
Walsco #2530 

Soldering iron, low -voltage 
Stripper, wire 

Vacuum gauge, 0 to 35 in. H2O, ±5% 
Wrench, adjustable, 6" 

Wrench, bristol 

Weller #W-TCP 
Miller #100 
Ampex #090-028 
Crescent #AT16 
Allen #DS-060 

Wrench set, Allen, handled, 0.35" through 9/64" 
Wrench set, open end, 15° and 75°, 

3/16" through 3/4" 

Allen #DS6075 
Williams #1143PR 
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SECTION VI 


CIRCUIT DESCRIPTIONS 


6-1. INTRODUCTION . 

This section contains detailed circuit descriptions of typical printed circuit board 
assemblies used in the transport electronics. The circuit descriptions are in alphabetical 
sequence by the mnemonic code of the PCB. Block diagrams and logic diagrams are included 
as an aid to the detailed explanation of the operation of each circuit. Schematic diagrams 
and assembly drawings of the PCB assemblies are located in Section VII. 

Circuit descriptions of special board assemblies, when required, are included in 
special addenda. 
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CIRCUIT BOARD DESCRIPTION 


CAPSTAN ACCELERATION -C 
SCHEMATIC 3114632 


1. GENERAL DESCRIPTION. 

The capstan acceleration -C PCB assembly contains a summing amplifier, a limiting 
summing amplifier, an integrating amplifier, and two inverter stages. (See Figure 1.) 
Signal levels used in the following circuit descriptions are nominal. 

2. THEORY OF OPERATION. 


Summing Amplifier . Transistors Ql, Q2, and Q3, and associated component parts 
form an operational summing amplifier. The REF (+) and REF (-) inputs are applied to the 
input summing junction of the amplifier through R6 and R7, respectively. The OVERDRIVE 
input is applied to the summing junction through R5, CRl, and CR2. Diodes CRl and CR2 
are used to isolate the summing junction from noise on the OVERDRIVE line. All the inputs 
are summed at the junction and balanced by inverse feedback through RIO. The output of the 
summing amplifier is applied to an external power amplifier through isolating resistor R22. 
Potentiometer R14 is used to adjust the initial balance of the summing amplifier, and is 
adjusted for zero volts across the capstan motor armature in the stopped condition. Re- 
sistors R18 and R19 compensate the summing amplifier for the effects of supply voltage 
variations . 


FEEDBACK Output (Pin 9) . The FEEDBACK output signal is derived in a summing 
junction having three inputs: the REV (+) input applied through R4, the REF (-) input 
applied through R8, and an AC signal from the summing amplifier applied through C5 and 
R9. All the inputs are summed at the junction and form the FEEDBACK output signal. 

Limiting Summing Amplifier. Transistors Q7, Q8, and Q9, zener diode VRl, and 
associated component parts form a limiting summing amplifier. Six inputs are applied to 
the input summing junction of the amplifier; the REF (+) input through R1 and R2, the 
REF (-) input through R3, the DRIVE (+) feedback through R39, the DRIVE (-) feedback ' 
through R40, inverse feedback through R41, and the output from the integrating amplifier 
through R38. All the inputs are summed at the junction and applied to base B1 of Q8. 

The amplifier has two outputs; one from the cathode of VRl, the other from the anode 
of VRl. The outputs are offset from each other by 4 volts. Diode CR5 prevents the output 
at the cathode of VRl from going more negative than approximately 0.6 volts, by establishing 
heavy feedback through R42. Similarly, diode CR6 prevents the output at the anode of VRl 
from becoming more positive than 0.6 volt. Resistors R 53 and R54 form a voltage divider 
to establish a voltage between the two output voltages, which is used as the inverse feedback 
through R41. Resistor R41 establishes the gain of the amplifier at approximately 10. The 
connection point between R53 and R54 is offset electrically from the static midpoint between 
the two outputs because the 4 volt offset between outputs varies slightly over the dynamic 
range of the amplifier, as the current through VRl changes. This feedback is also applied 
to the non -inverting input of the integrating amplifier. 
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CIRCUIT BOARD DESCRIPTION CAPSTAN ACCELERATION -C 

SCHEMATIC 3114632 


2. THEORY OF OPERATION . (Continued) 

Potentiometer R1 is used to set the limiting summing amplifier output level produced 
by the REF (+) input signal. This effectively controls the constant of integration of the 
integrating amplifier during forward tape acceleration by setting the amplitude of the DRIVE 
(+) signal feedback to the integrating amplifier. 


Integrating Amplifier . Transistors Q4, Q5, and Q6, and associated component parts 
form an operational integrating amplifier. The integrating feedback network consists of 
R24 and C7. Resistor R24 represents motor damping torque, and capacitor C7 represents 
motor inertial load. Resistor R37 is used to prevent instability at high frequency by estab- 
lishing adequate phase margins. The amplifier has two input points; one inverting, the other 
non -inverting. The CURRENT SENSE input is applied through R23 and R25 to the inverting 
input of the amplifier. Four inputs are applied to the summing junction at the non-inverting 
input of the amplifier; the DRIVE (+) signal through R33, the DRIVE (-) signal through R34, 
the DRIVE REF input through direct coupling, and the feedback from the limiting summing 
amplifier through R31 (the feedback signal is a non-inverting self-balancing input). 

Inverter Stages. Transistors QIO and Qll, and associated component parts form two 
separate inverter stages. When the output of the limiting summing amplifier at the anode 
of VRl goes approximately 2 volts more positive than the quiescent point, CR8 is forward 
biased and Qll is cut off. The DRIVE (-) output follows the collector of Qll to -12 volts. 
When the limiting summing amplifier is returned to a balanced condition, Qll is biased on 
and the DRIVE (-) output goes to 0 volts. 

When the output of the limiting summing amplifier at the cathode of VRl goes ap- 
proximately 2 volts more negative than the quiescent point, CR7 is forward biased and QIO 
is cut off. The DRIVE (+) output follows the collector of QIO to +12 volts. When the limiting 
summing amplifier is returned to a balanced condition, QIO is biased on and the DRIVE (+) 
output goes to 0 volts . 


3. POWER REQUIREMENTS. 


VOLTAGE 

CURRENT 

+12 VDC +3% 

60 ma max 

-12 VDC ±3% 

45 ma max 
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Figure 1 
Capstan Acceleration -C, 


Block Diagram 
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CIRCUIT BOARD DESCRIPTION 


CAPSTAN CURRENT CONTROL 
SCHEMATIC 3114626 


1 . GENERAL DESCRIPTION. 

The capstan current control PCB assembly contains a dead -band amplifier and two 
pulse shaper circuits. (See Figure 1.) Signal levels used in the following circuit descrip- 
tions are nominal. 


2. THEORY OF OPERATION . 

The capstan current control produces the OVERDRIVE signal, which is summed 
with the REF (+) and REF (-) signals and applied to the control summing amplifier on the 
capstan acceleration PCB assembly. The OVERDRIVE signal regulates the shape (of the 
leading and trailing edges) and the amplitude of the driving current pulse used to accelerate 
and decelerate the capstan motor. Circuit operation will be discussed for the forward 
acceleration mode; operation in the other modes is identical, except as noted in the descrip- 
tion. . 


Dead -Band Amplifier . The dead -band amplifier is comprised of Q9, QIO, Qll, and 
associated component parts. The amplifier is similar to a conventional operational amplifier 
with the addition of the dead -band circuit consisting of CR8, CR9, CRIO, CRll, R21, R22, 
R23 and R24. The primary input junction of the dead -band amplifier is the junction at base 
B1 of QIO. In the quiescent state, CR8, CR9, CRIO, and CRll are forward biased and CR12 
and CR13 are reverse biased; in this condition, no current flows through R25. The DRIVE 
(-h) and DRIVE (-) inputs are at zero volts, thus no current flows through R3. The OVER- 
DRIVE output current is zero, since no current flows through R3 or R25. 

Leading- and Trailing-Edge Pulse Shaper . The leading- and trailing-edge pulse 
shaper is comprised of Ql, Q2, Q3, and associated component parts. When the DRIVE (+) 
and DRIVE (-) inputs are at zero volts, Ql, Q2, and Q3 conduct. Current flow from Ql 
through R4 establishes a negative voltage at the base of Q3, which causes Q3 to conduct. 

The voltage at the collector of Q3 swings positive and forward biases CRl. Q2 is driven to 
saturation by the positive base -to -emitter voltage differential; the collector of Q2 swings 
to a low negative voltage. Diodes CR2 and CR3 are reverse biased and no current flows to 
the junction at base B1 of QIO. 

Trailing-Edge Pulse Shaper. The trailing-edge pulse shaper is comprised of Q4, 

Q5, Q6, Q7, Q8, and associated component parts. When the DRIVE (-)-) and DRIVE (-) 
inputs are at zero volts, Q4 and Q5 conduct. R15 has less resistance than R17, thus a 
negative base -to -emitter voltage differential is established at Q6. Q6 conducts and estab- 
lishes a positive voltage at the base of Q8. Q8 is cut off by the positive voltage at the base 
which is limited to approximately 4-0.5 volt by CR7. When Q8 is cut off, no current can 
flow through Q7. When Q7 and Q8 are cut off, the trailing-edge pulse shaper is effectively 
out of the dead -band circuit. 
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CIRCUIT BOARD DESCRIPTION 


CAPSTAN CURRENT CONTROL 
SCHEMATIC 3114626 


2. THEORY OF OPERATION . (Continued) 

Leading-Edge Shaping and Pulse Amplitude Control . When forward acceleration or 
reverse deceleration is programmed, the DRIVE (+) input goes to approximately +8 volts. 
The DRIVE (-) input remains at zero volts. The DRIVE (CT) signal is derived through the 
voltage divider circuit consisting of R1 and R2, which is connected between the DRIVE (+) 
and DRIVE (-) inputs. The DRIVE (CT) signal is approximately +4 volts at this time, which 
causes a 400 -microampere current flow in the OVERDRIVE output (through R3). 

When DRIVE (CT) goes positive, emitter -follower Q1 couples the positive pulse 
through C5 to the emitter of Q2; the positive pulse cuts off Q2. Q2 remains cut off until 
C5 discharges through RIO and R8. Potentiometer RIO is used to preset the cut-off time 
of Q2 to approximately 500 microseconds. When Q2 is cut off, CR2 is forward biased, and 
the current flowing through R13 is added to that at the junction at base B1 of QIO. This 
action generates a step in the leading edge of the driving current pulse to the capstan motor 
by reducing the amount of current flow in the OVERDRIVE signal for the 500 microsecond 
period. 


The 400 -microampere current flow in the OVERDRIVE output (through R3) causes 
the control summing amplifier on the capstan acceleration PCB to increase the amplitude of 
the CAPSTAN CONTROL signal, which causes an increase in the voltage applied to the 
capstan motor. The increased capstan -motor voltage results in increased armature current, 
which causes the CURRENT SENSE input to become positive. The CURRENT SENSE input 
is the voltage analog of the capstan -motor armature current, and is approximately 50 milli- 
volts -per -ampere . The positive -voltage CURRENT SENSE input causes a current to flow 
through R27 and R26 and the junction at base Bl of QIO. This, in turn, causes the voltage 
at TP3 to swing slightly more negative, which transfers conduction from CR8 to CRIO and 
from CRll to CR9. When the current through R27 and R26 increases to the point at which 
it is equal to the current through R23 and R24, less the amount of current through R13, CR8 
and CRll become reverse biased and CR12 becomes forward biased. Current flows through 
R25, subtracting from the current through R3 at the OVERDRIVE output and preventing further 
increase in capstan-motor voltage and current. 

When Q2 conducts after being cut off for 500 microseconds, CR2 is again reverse 
biased, and the current through R13 is removed from the junction at base Bl of QIO. Removal 
of this positive input produces a negative -going change at base Bl of QIO; the dead -band ampli- 
fier inverts the negative -going signal, causing the voltage at TP3 to swing slightly positive. 
The positive voltage at TPS causes CR8 and CRll to conduct again and causes CR12 to become 
reverse biased. When CR12 is reverse biased, the current through R27 and R26 is removed 
from the OVERDRIVE output, which returns to the relatively -large 400 -microampere current 
flow supplied through R3. This high -current signal causes the capstan-motor voltage and 
current to increase, which causes the current through R27 and R26 to increase. When the 
current through R27 and R26 increases to the point at which it is equal to the current through 
R23 and R24, CR8 and CRll become reverse biased and CR12 becomes forward biased. 
Current flows through R25, subtracting from the current through R3 at the OVERDRIVE out- 
put and preventing further increase in capstan-motor voltage and current. At this point, the 


CIA -2 



CIRCUIT BOARD DESCRIPTION 


CAPSTAN CURRENT CONTROL 
SCHEMATIC 3114626 


2. THEORY OF OPERATION . (Continued) 

capstan-motor current is stabilized on the flat-top -portion of the pulse and the motor is 
undergoing constant acceleration. The amplitude of the pulse is controlled by the setting 
of potentiometer R26. 

During generation of the driving current pulse, the summed FEEDBACK and STOP 
CONTROL inputs are applied at base B2 of QIO. The FEEDBACK input is a positive voltage 
during forward operation; the positive voltage causes the voltage at TPS to swing slightly 
more positive during forward acceleration, thus causing an increase in the amplitude of the 
driving current pulse. The increased amplitude pulse increases the rate of acceleration, 
which causes die capstan -motor to reach forward speed faster than reverse speed. 

The STOP CONTROL input is not presently used. 

Trailing -Edge Shaping . At the end of the acceleration period, the DRIVE (+) input 
returns to zero volts. The DRIVE (CT) signal goes to zero volts, which stops the 400- 
microampere current flow through R3 (and the OVERDRIVE output). 

When the DRIVE (-I-) input goes to zero volts, Q1 is cut off by the negative base -to - 
emitter voltage differential established by the charge on C5. Q1 remains cut off until C5 
is discharged through R5, which takes approximately 500 microseconds. When Q1 is cut off, 
Q3 is cut off by the positive voltage at its base. When Q3 is cut off, CRl is reverse biased, 
CR3 is forward biased, and the current through R14 is added to that at the junction at base 
B1 of QIO. This action generates a step in the trailing edge of the driving current pulse to 
the capstan -motor by providing an opposing current flow to that caused by the CURRENT 
SENSE input (the dead-hand amplifier has no dead-hand at this time). 

When the DRIVE (+) input goes to zero volts, Q5 is cut off by the negative base -to - 
emitter voltage differential established by the discharge of C6 through R18, CR4, Q4, and 
R15. Q5 remains cut off until C6 is discharged; the discharge time of C6 is fixed at approx- 
imately 1.5 milliseconds. When Q5 is cut off, Q6 is cut off by the positive voltage at the 
base. When Q6 is cut off, the voltage at the base of Q8 goes to a negative level., causing Q8 
to be saturated, which establishes a positive base -to -emitter voltage differential at Q7. 

Q7 is saturated and the collectors of both Q8 and Q7 are at zero volts, which establishes a 
zero -voltage -drop condition across R22 and R23; CR8 and CR9 are reverse biased. When 
CR8 and CR9 are reverse biased, the dead-band amplifier functions as a normal operational 
amplifier, and establishes a current through R25 (and the OVERDRIVE output) that causes 
the current through R27 and R26 (caused by the CURRENT SENSE input) to balance the current 
through R14 at the junction at base B1 of QIO. The current through R27 and R26 is approxi- 
mately one -half the magnitude of the dead -band current. 
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CIRCUIT BOARD DESCRIPTION CAPSTAN CURRENT CONTROL 

SCHEMATIC 3114626 

2. THEORY OF OPERATION . (Continued) 

When Q1 conducts after being cut off for 500 microseconds, Q3 conducts, CRl is 
forward biased, CR3 is reverse biased, and the current through R14 is removed from the 
junction at base B1 of QIO. The amplifier establishes a current through R25 (and the OVER- 
DRIVE output) that causes the current through R27 and R26 to drop to zero (CURRENT SENSE 
input at zero volts). The amplifier causes the current through R27 and R26 to remain at 
zero for 1.0 millisecond, which is the discharge time remaining for C6 after Q1 conducts. 
When C6 is discharged, Q5 conducts, which causes Q6 to conduct. When Q6 conducts, Q8 
and Q7 are cut off. All circuits are then in the quiescent state. 

Potentiometer R32 is used to adjust the zero set of the dead-band amplifier, which, 
in turn, controls the zero current condition following a driving current pulse . 

Reverse -Acceleration and Forward-Deceleration Operation . Operation of the 
circuits during reverse acceleration and forward deceleration is similar to that previously 
described except that most of the signal polarities are the opposite (the OVERDRIVE output 
is negative instead of positive), current flow through the dead-band diodes follows the 
opposite path, the cut off periods of Q1 and Q2 are reversed, and Q4 is cut off instead of Q5. 

3. P OWER REQUIREMENTS . 

CURRENT 
40 ma max 
25 ma max 


VOLTAGE 
+12 VDC ±3% 
-12 VDC. ±3% 
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CIRCLIIT BOARD DESCRIPTION 


CAPSTAN VELOCITY -D 
SCHEMATIC 3114638 


1. GENERAL DESCRIPTION. 

The capstan velocity -D PCB assembly contains a reference generator having (+) and (-) 
reference sections, a high -speed -control circuit, an inhibit circuit, and a drive reference 
circuit. (See Figure 1.) 

2. THEORY OF OPERATION. 


Reference Generator, (+) Section . The (+) section of the reference generator is com- 
prised of Ql, Q7, Q8, VR2, and associated component parts. Transistor Q1 is a logic gate 
which is normally saturated due to base current through R9. When the FWD (-) and REV (+) 
inputs are at the negative logic level, the current flow through Rll, RIO, and VRl exceeds 
that through R9; turning Ql off. When Ql is cut off, emitter follower Q7 couples the voltage 
divider consisting of R38, R32, and R34 to (+) zener diode VR2, providing a positive (+) 
reference output at the adjustable contact of potentiometer R32. 

The resistance of R38 is selected to provide the (+) reference output required for the 
desired nominal capstan speed. Transistor Q8 is cut off unless biased on by the high-speed- 
control circuit. When Q8 is biased on, R38 is bypassed and the (+) reference output increases 
to the value required for high speed operation (approximately +4 volts) . The (+) section of 
the reference generator has three possible steady state outputs; zero volts, forward run 
reference, and fast forward reference. 


Reference Generator, (-) Section . The (-) section of the reference generator is com- 
prised of Q2, Q9, QIO, VR3, and associated component parts. The (-) section is the comple- 
ment of the (+) section and operates in the same way, except that it provides negative (-) 
rather than positive (+) outputs, and is used for reverse motion. Transistor Q2 is normally 
saturated, and is cut off when REV (+) and FWD (-) inputs are at the zero volt logic level. 

The (-) reference is enabled when Q2 is cut off. 


High-Speed-Control Circuit. The high-speed-control circuit is comprised of Q5, Q6, 
and associated component parts. When the FAST (-) input is at the zero volt logic level, 
CR19 and CR20 are back biased and Q5 is biased on to saturation. The collector of Q5 is at 
0 volts, which holds the base of Q6 negative through voltage divider resistors R28 and R29, 
and Q6 is saturated. When Q5 and Q6 are saturated, C6 and C5 are discharged. 

When the FAST (-) input is at the negative logic level, CR19 and CR20 are forward 
biased and Q5 is cut off. When Q5 is cut off, Q6 is cut off by the positive voltage applied 
through voltage divider resistors R27, R28, and R29. If Q2 is conducting (reverse run not 
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CAPSTAN VELOCITY -D 
SCHEMATIC 3114638 


2. THEORY OF OPERATION . (Continued) 

programmed), CR8 is forward biased, holding one side of C5 at zero volts. CR21 is forward 
biased and clamps the collector of Q6 at approximately +1 volt, thus, the FAST (-) input has 
no effect on the reverse reference (-) circuit, since Q9 remains cut off. If Q2 is cut off 
(reverse run programmed), CR8 is back biased and timing capacitor C5 starts to charge to 
a negative level through R16 and CR7. This negative -going voltage is coupled through CR21 
to the base of Q9. When the voltage at C5 reaches approximately -2 volts (400 -millisecond 
charge time), Q9 begins to conduct, which reduces the impedance between the anode of VR3 
and the junction of R39 and R36. This action increases the reverse reference (-) output volt- 
age. The reverse reference (-) output voltage then follows the charge voltage at C5 (approx- 
imately 5- volts -per -second increase) until Q9 is saturated. When Q9 is saturated, the 
reverse reference (-) output voltage is at the preset level for high -speed -reverse tape motion. 

When high-speed-reverse tape motion is to be stopped, the FAST (-) input is changed 
to the zero volt logic level. This causes Q5 and Q6 to saturate; CR8 is forward biased and 
the negative side of C5 is clamped to near zero volts. This voltage is coupled through CR21 
to the base of Q9 and Q9 is cut off; the reverse reference (-) output voltage drops to the 
normal speed level. At the same time, C5 starts to discharge through R17, producing a 
positive -going pulse. CRll and CR13 couple the positive -going pulse to the base of Q4 to 
initiate inhibit circuit operation. 

High speed in forward (optional) is controlled by the components associated with C6. 

If Q1 is conducting (forward run not programmed) when the FAST (-) input is at the negative 
logic level, CR9 is forward biased, holding one side of C6 at zero volts. CR17 is back 
biased and the positive voltage at the collector of Q5 has no effect on the forward reference 
(+) circuit. If Q1 is cut off (forward run programmed), CR9 is back biased and timing 
capacitor C6 starts to charge to a positive level through CR16 and R22. This positive -going 
voltage is coupled through CR22 to the base of Q8. When the voltage at C6 reaches approx- 
imately +2 volts (400 -millisecond charge time), Q8 begins to conduct, which reduces the 
impedance between the cathode of VR2 and the junction of R38 and R32. This action increases 
the forward reference (+) output voltage. The forward reference (+) output voltage then 
follows the charge voltage at C6 (approximately 5 -volts -per -second increase) until Q8 is 
saturated. When Q8 is saturated, the forward reference (+) output voltage is at the preset 
level for high-speed forward tape motion. 

When the high-speed-forward tape motion is to be stopped, the FAST (-) input is 
changed to the zero volt logic level. This causes Q5 and Q6 to saturate; CR9 is forward 
biased and the voltage at the positive side of C6 is clamped to near zero volts. This voltage 
is coupled through CR22 to the base of Q8 and Q8 is cut off; the forward reference (+) output 
voltage drops to the norrrial speed level. At the same time, C6 starts to discharge through 
R23 and a negative voltage is developed at the emitter of Q4 which initiates inhibit circuit 
operation. 
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CAPSTAN VELOCITY -D, 
SCHEMATIC 3114638 


2. THEORY OF OPERATION. (Continued) 


Inhibit Circuit . The inhibit circuit is comprised of Q3, Q4, and associated component 
parts; and is controlled by the high-speed-control circuit. The inhibit circuit is in the quies- 
cent state when capacitors C6 and C5 are discharged. Current flow through CR16 and CR17, 
respectively, produces -1-0.5 volt at the emitter of Q4 and -0.5 volt at the base of Q4. Q4 is 
saturated and Q3 is cut off, which enables the input circuit to the reference generator. 

When high -speed -forward tape motion is stopped, C6 discharges through R23, and the 
negative voltage produced at the emitter of Q4 causes Q4 to be cut off; Q3 conducts. When 
Q3 conducts, Q1 and Q2 are saturated regardless of the state of the FWD (-) and REV (-1-) 
logic inputs. The reference voltage output goes to zero volts. The discharge time of C6 is 
such that Q1 and Q2 are held saturated for approximately 400 -milliseconds following a stop 
from high speed. This delay inhibits forward or reverse commands for the 400 -millisecond 
period to allow reel servo recovery. When C6 is discharged, Q4 starts conducting and Q3 
is cut off. Transistors Q1 and Q2 are again controlled by the FWD (-) and REV (-1-) logic input 
signals. 


When high-speed-reverse tape motion is stopped, C5 discharges through R17, and the 
positive voltage produced is coupled through CRll and CR13 to the base of Q4. Q4 is cut off 
and Q3 conducts, which inhibits the reference generator input as described for the discharge 
of C6. The discharge time of C5 is the same as for C6. 


STOP CONTROL Output (Pin 13) . When high-speed-forward tape motion is stopped, 
the negative voltage produced by the discharge of C 6 through R23 is coupled through CR15 
and CR14 to pin 13 of the PCB. This provides a negative STOP CONTROL signal during the 
discharge time of C6. 

When high -speed -reverse tape motion is stopped, the positive voltage produced by 
the discharge of C5 through R17 is coupled through CRIO and CR12 to pin 13 of the PCB. 
This provides a positive STOP CONTROL signal during the discharge time of C5 . 

The STOP CONTROL output is not presently used. 


Drive Reference Circuit . The drive reference circuit produces the DRIVE REF 
signal, which is used to compensate for tape friction occurring in the tape path. Potenti- 
ometers R15 and R33 are connected to the outputs of forward gate Q1 and reverse gate Q2, 
respectively. This provides a positive voltage at R15 when forward drive is programmed 
and a negative voltage at R33 when reverse drive is programmed; otherwise, the voltage at 
R15 and R33 is at zero volts. The voltage at the wiper of R15 is applied through R3 to a 
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SCHEMATIC 3114638 

2. THEORY OF OPERATION . (Continued) 

summing junction. The voltage at the wiper of R33 is applied through R6 to the same sum- 
ming junction. The output of the summing junction is the DRIVE REF signal. Separate gate 
circuits in parallel with R3 and R6 reduce the level of the signal applied to the summing 
junction when the DRIVE (+) and DRIVE (-) inputs are at zero volts. 

During forward acceleration or reverse deceleration periods, the DRIVE (+) signal 
is approximately +8 volts and back biases CRl; when CRl is back biased, the gate circuit 
through R1 and R2 is enabled and the level of the signal from R15 that is applied to the 
summing junction is increased. Enabling the gate circuit during reverse deceleration 
periods has no effect since the voltage at R15 is then zero volts. 

During reverse acceleration or forward deceleration periods, the DRIVE (-) signal 
is approximately -8 volts and back biases CR2; when CR2 is back biased, the gate circuit 
tlirough R5 and R4 is enabled and the level of the signal from R33 that is applied to the 
summing junction is increased. Enabling the gate circuit during the forward deceleration 
periods has no effect since the voltage at R33 is then zero volts. 


3. POWER REQUIREMENTS. 


VOLTAGE 

CURRENT 

+12 VDC +3% 

30 ma max 

-12 VDC +3% 

30 ma max 
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Capstan Velocity -D, Block Diagram 
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CIRCUIT BOARD DESCRIPTION 


CAPSTAN VELOCITY -E 
SCHEMATIC 3119515 


1 . GENERAL DESCRIPTION. 

The capstan velocity -E PCB assembly contains a areference generator having (+) 
and (-) reference sections, a high-speed control circuit, an inhibit circuit, and a drive 
reference circuit. (See Figure 1.) Signal levels used in the following circuit descriptions 
are nominal. 


2. THEORY OF OPERATION. 


Reference Generator, (+) Section. The (+) section of the reference generator is 
comprised of Ql, Q7, Q8, VR2, and associated component parts. Transistor Q1 is a logic 
gate which is normally saturated due to the base current through R9. When the FWD (-) 
and REV (+) inputs are at the negative logic level, the current flow through Rll, RIO, and 
VRl exceeds that through R9, turning Ql off. When Ql is cut off, emitter follower Q7 
couples the voltage divider consisting of R38, R32, and R34 to (+) zener diode VR2, pro- 
viding a positive (+) reference output at the wiper of potentiometer R32. 

Transistor Q8 is cut off unless biased on by the high -speed -control circuit. When 
Q8 is biased on, R41 is added in parallel with R38 and part of R32 and the (+) reference 
output increases to the value required for high speed operation (approximately +4 volts). 
The (+) section of the reference generator has three possible steady state outputs: zero 
volts, forward run reference, and fast forward reference. 


Reference Generator (-) Section . The (-) section of the reference generator is 
comprised of Q2, Q9, QIO, VR3, and associated component parts. The (-) section is the 
complement of the (+) section and operates in the same way, except that it provides negative 
(-) rather than positive (+) outputs, and is used for reverse motion. Transistor Q2 is nor- 
mally saturated, and is cut off when REV (+) and FWD (-) inputs are at the zero volt logic 
level. The (-) reference is enabled when Q2 is cut off. 

Transistor Q9 is cut off unless biased on by the high-speed-control circuit. When 
Q9 is biased on, potentiometer R42 is added in parallel with R39 and part of R36. Potenti- 
ometer R42 provides control of the rewind speed. 

High -Speed -Control Circuit. The high-speed-control circuit is comprised of Q5, 

Q6, and associated component parts. When the REWIND (-) input is at the zero volt logic 
level, CR19 and CR20 are reverse biased and Q5 is biased on to saturation. The collector 
of Q5 is at 0 volts, which holds the base of Q6 negative through voltage divider resistors 
R28 and R29, and Q6 is saturated. When Q5 and Q6 are saturated, C6 and C5 are discharged. 
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CIRCUIT BOARD DESCRIPTION 


2. THEORY OF OPERATION . (Continued) 

When the REWIND (-) input goes to the negative logic level, CR19 and CR20 are 
forward biased and Q5 is cut off. When Q5 is cut off, Q6 is cut off by the positive voltage 
applied through voltage divider resistors R27, R28, and R29. If Q2 is conducting (reverse 
run not programmed) CR8 is forward biased, holding one side of C5 at zero volts. CR21 is 
forward biased and clamps the collector of Q6 at approximately +1 volt, thus the REWIND (-) 
input has no effect on the reverse reference (-) circuit, since Q9 remains cut off. If Q2 is 
cut off (reverse run programmed), CR8 is reverse biased and timing capacitor C5 starts to 
charge to a negative level through R16 and CR7. This negative -going voltage is coupled 
through CR21 to the base of Q9. When the voltage at C 5 reaches approximately -2 volts 
(400 -millisecond charge time), Q9 begins to conduct, which reduces the impedance between 
the anode of VR3 and the wiper of R36. This action increases the reverse reference (-) 
output voltage. The reverse reference (-) output voltage then follows the charge voltage at 
C5 (approximately 5 -volts -per -second increase) until Q9 is saturated. When Q9 is saturated, 
the reverse reference (-) output voltage is at the preset level for high-speed-reverse tape 
motion. 


When high-speed -reverse tape motion is to be stopped, the REWIND (-) input is 
changed to the zero volt logic level. This causes Q5 and Q6 to saturate; CR8 is forward 
biased and the negative side of C5 is clamped to near zero volts. This voltage is coupled 
through CR21 to the base of Q9 and Q9 is cut off; the reverse reference (-) output voltage 
drops to the normal speed level. At the same time, C5 starts to discharge through R17, 
producing a positive -going pulse. CRll and CR13 couple the positive -going pulse to the base 
of Q4 to, initiate inhibit circuit operation. 

High speed in forward (optional) is controlled by the components associated with C6. 

If Q1 is conducting (forward run not programmed) when the REWIND (-) input is at the negative 
logic level, CR9 is forward biased, holding one side of C6 at zero volts. CR17 is reverse 
biased and the positive voltage at the collector of Q5 has no effect on the forward reference (+) 
circuit. If Q1 is cut off (forward run programmed), CR9 is back biased and timing capacitor 
C6 starts to charge to a positive level through CR16 and R22. This positive -going voltage is 
coupled through CR22 to the base of Q8. When the voltage at C6 reaches approximately +2 
volts (400 -millisecond charge time), Q8 begins to conduct, which reduces the impedance 
between the cathode of VR2 and the wiper of R32. This action increases the forward ref- 
erence (+) output voltage. The forward reference (+) output voltage then follows the charge 
voltage at C6 (approximately 5-volts-per-second increase) until Q8 is saturated. When Q8 
is saturated, the forward reference (+) output voltage is at the preset level for high - speed - 
forward tape motion. 

When high -speed -forward tape motion is to be stopped, the REWIND (-) input is 
changed to the zero volt logic level. This causes Q5 and Q6 to saturate; CR9 is foirward 
biased and the volta:ge at the positive side of C6 is clamped to near zero volts . This voltage 
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2. THEORY OF OPERATION . (Continued) 

is coupled through CR22 to the base of Q8 and Q8 is cut off; the forward reference (+) output 
voltage drops to the normal speed level. At the same time, C6 starts to discharge through 
R23 and a negative voltage is developed at the emitter of Q4 which initiates inhibit circuit 
operation. 


Inhibit Circuit. The inhibit circuit is comprised of Q3, Q4, and associated com- 
ponent parts; and is controlled by die high -speed -control circuit. The inhibit circuit is in 
tlie quiescent state when capacitors C6 and C5 are discharged. Current flow through CR16 
and CR17, respectively, produces +0.5 volt at the emitter of Q4 and -0.5 volt at die base of 
Q4. Q4 is saturated and Q3 is cut off, which enables the input circuit to the reference 
generator. 

When high -speed -forward tape motion is stopped, C6 discharges through R23, and 
the negative voltage produced at the emitter of Q4 causes Q4 to be cut off; 03 conducts. 

When Q3 conducts, Q1 and Q2 are saturated regardless of the state of the FWD (-) and REV (+) 
logic inputs. The reference voltage output goes to zero volts. The discharge time of C6 is 
such that Q1 and Q2 are held saturated for approximately 400 -milliseconds following a stop 
from high speed. This delay inhibits forward or reverse commands for the 400 -millisecond 
period to allow reel servo recovery. When C6 is discharged, Q4 starts conducting and Q3 
is cut off. Transistors Q1 and Q2 are again controlled by the FWD (-) and REV (+) logic 
input signals. 

When high -speed -reverse tape motion is stopped, C5 discharges through R17, and 
the positive voltage produced is coupled through CRll and CR13 to the base of Q4. Q4 is 
cut off and Q3 conducts, which inhibits the reference generator input as described for the 
discharge of C6. The discharge time of C5 is the same as for C6. 


STOP CONTROL Output (Pin 13) . When high -speed-forward tape motion is stopped, 
the negative voltage produced by the discharge of C6 through R23 is coupled through CR15 
and CR14 to pin 13 of the PCB. This provides a negative STOP CONTROL signal during the 
discharge time of C6. 

When high-speed-reverse tape motion is stopped, the positive voltage produced by 
the discharge of C5 through R17 is coupled through CRIO and CR12 to pin 13 of the PCB. 
This provides a positive STOP CONTROL signal during the discharge time of C5. 

The STOP CONTROL output is not presently used. 
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2. THEORY OF OPERATION . (Continued) 

Drive Reference Circuit. The drive reference circuit produces the DRIVE REF signal 
which is used to compensate for tape friction occurring in the tape path. Potentiometers R15 
and R33 are connected to the outputs of forward gate Q1 and reverse gate Q2, respectively. 
This provides a positive voltage at R15 when forward drive is programmed and a negative 
voltage at R33 when reverse drive is programmed; otherwise, the voltage at R15 and R33 is 
at zero volts. The voltage at the wiper of R15 is applied through R3 to a summing junction. 
The voltage at the wiper of R33 is applied through R6 to the same summing junction. The 
output of the summing junction is the DRIVE REF signal. Separate gate circuits in parallel 
with R3 and R6 reduce the level of the signal applied to the summing junction when the DRIVE 
(+) and DRIVE ( -) inputs are at zero volts . 

During forward acceleration or reverse deceleration periods, the DRIVE (+) signal 
is approximately +8 volts and reverse biases CRl; when CRl is reverse biased, the gate 
circuit through R1 and R2 is enabled and the level of the signal from R15 that is applied to 
the summing junction is increased. Enabling the gate circuit during reverse deceleration 
periods has no effect since the voltage at R15 is then zero volts. 

During reverse acceleration or forward deceleration periods, the DRIVE (-) signal 
is approximately -8 volts and reverse biases CR2; when CR2 is reverse biased, the gate 
circuit through R5 and R4 is enabled and the level of the signal from R33 that is applied to 
the summing junction is increased. Enabling the gate circuit during the forward deceleration 
periods has no effect since the voltage at R33 is then zero volts . 


3. POWER REQUIREMENTS. 


, VOLTAGE 

CURRENT 

+12 VDC ±3% 

30 ma max 

-12 VDC ±3% 

30 ma max 
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FORWARD/REVERSE LOGIC* 
SCHEMATIC 3107083 


1. GENERAL DESCRIPTION . 

The forward/reverse logic PCB provides all logic necessary to perform the forward/ 
reverse function. Nine input signals are mechanized to provide four output signals for 
forward/reverse operation. Signal levels used in the following circuit descriptions are 
nominal. Tables 1 and 2 list operating signal levels. FWD/REV input signals are pro- 
grammed to be selected 5 microseconds before RUN/STOP input signals. 


2. THEORY OF OPERATION. (See Figure 1.) 


FWD (-) Output (Pin 28 ). FWD (-) output can be affected by FORWARD PB input, 
MASTER RESET input, BOT input, or mechanization of one of the following logic equations: 

(a) FWD (-) = (FWD) (RUN) (UNIT SELECT) 

(b) FWD (-) = (BOT going off tab) (REWINDING) 


(c) FWD (-) = (STOP) (UNIT SELECT) 


(d) FWD (-) = (EOT) (LOCAL) 

When the FORWARD PB input momentarily goes to zero volts, CR9 is forward biased 
and the voltage at the base of Q4 swings positive, which causes Q4 to be cut off. The 
negative -going voltage at the collector of Q4 is coupled through RIO to the base of Q5; the 
negative -going voltage drives Q5 to saturation. The forward flip-flop, consisting of Q4 and 
Q5, is then in the set state. The FWD (-) output is at -6 volts. 

When the MASTER RESET input momentarily goes to zero volts, CR6 is forward 
biased and the voltage at the base of Q5 swings positive, which causes Q5 to be cut off. 

The negative -going voltage at the collector of Q5 is coupled through Rll to the base of Q4; 
the negative -going voltage drives Q4 to saturation. The forward flip-flop is then in the 
reset state. The FWD (-) output is at zero volts. 

When the BOT input makes a positive transition from -6 volts to 0 volts, a +6 volt 
pulse is produced by the differentiator circuit comprised of R18 and C12 and is coupled 
through OR gate diode CR13 to the base of Q5; the positive pulse resets the forward flip- 
flop. The FWD (-) output is at zero volts. 


*Run/Stop and Fwd/Rev inputs. 


FLA-1 



FORWARD/REVERSE LOGIC* 
SCHEMATIC 3107083 


CIRCUIT BOARD DESCRIPTION 


2. THEORY OF OPERATION . (Continued) 

For mechanization of logic equation (a), the FWD/REV input must be at -12 volts, the 
UNIT SELECT input must be at 0 volts, and the RUN/STOP input must make a negative 
transition from 0 volts to -12 volts. With the FWD/REV input at -12 volts, Q9 is cut off. 
When Q9 is cut off, AND gate transistor QIO is cut off, which allows control of the AND gate 
output by the input to AND gate diode CR21. When the RUN/STOP input goes to -12 volts, 

Q6 and Q7 are cut off; CR21 is forward biased and Q8 is biased to saturation. The UNIT 
SELECT input at 0 volts enables the differentiator AND gate circuit comprised of R20 and 
C14 and a +6 volt pulse is coupled through OR gate diode CRll to the base of Q4; the positive 
pulse sets the forward flip-flop. The FWD (-) output is at -6 volts. The negative pulse 
from C13 back biases OR gate diode CR12 and has no effect on the forward flip-flop circuit. 
When Q9 is cut off, AND gate diode CR23 is forward biased, which causes Qll to be cut off. 
The negative pulse from CIS back biases CR19 and has no effect on the reverse flip-flop 
circuit. 

For mechanization of logic equation (b), the REWINDING input must be at 0 volts and 
the BOT input must make a negative transition from 0 volts to -6 volts. When the BOT input 
goes to -6 volts, Q3 is biased to saturation. The REWINDING input at 0 volts enables the 
differentiator AND gate circuit comprised of R14 and CIO and a +6 volt pulse is coupled 
through OR gate diode CRIO to the base of Q4; the positive pulse sets tlie forward flip-flop. 
The FWD (-) output is at -6 volts. 

For mechanization of logic equation (c), the UNIT SELECT input must be at 0 volts 
and the RUN/STOP input must make a positive transition from -12 volts to 0 volts. When 
the RUN/STOP input goes to 0 volts, Q6 and Q7 are biased to saturation and Q8 is cut off. 
The UNIT SELECT input at 0 volts enables the differentiator AND gate circuit comprised 
of R19 and C13 and a +6 volt pulse is coupled through OR gate diode CR12 to the base of Q5; 
the positive pulse resets the forward flip-flop. The FWD (-) output is at 0 volts. The 
negative pulse from C14 back biases OR gate diode CRll and has no effect on the forward 
flip-flop circuit. 

For mechanization of logic equation (d), the LOCAL input must be at 0 volts and the 
EOT input must make a positive transition from -6 volts to 0 volts. The LOCAL input at 
0 volts enables tiie differentiator AND gate circuit comprised of R15 and Cll and a +6 volt 
pulse is coupled through OR gate diode CR14 to the base of Q5; the positive pulse resets 
the forward flip-flop. The FWD (-) output is at 0 volts. 


FWD (+) Output (Pin 26 ) . FWD (+) output is the complement signal of FWD (-). Output 
voltages and their derivations are the same. 
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Figure 1 

Forward/Reverse Logic, Logic Diagram 
(3107082-10) 
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2. THEORY OF OPERATION. (Continued) 


REV (+) Output (Pin 34) . REV (+) output can be affected by REVERSE PB input, MASTER 
RESET input, BOT input, or mechanization of one of the following logic equations; 

(a) REV (+) = (REV) (RUN) (UNIT SELECT) (BOT) 


(b) REV (+) = (STOP) (UNIT SELECT) 


(c) REV (+) = (EOT) (LOCAL) 

When the REVERSE PB input momentarily goes to zero volts, CR4 is forward biased 
and the voltage at the base of Q1 swings positive, which causes Q1 to be cut off. The 
negative -going voltage at the collector of Q1 is coupled through R2 to the base of Q2; the 
negative -going voltage drives Q2 to saturation. The reverse flip-flop, consisting of Q1 
and Q2, is then in the set state. The REV (+) output is at zero volts. 

When the MASTER RESET input momentarily goes to zero volts, CRl is forward 
biased and the voltage at the base of Q2 swings positive, which causes Q2 to be cut off. 

The negative -going voltage at the collector of Q2 is coupled through R3 to the base of Ql; 
the negative -going voltage drives Ql to saturation. The reverse flip-flop is then in the 
reset state. The REV (+) output is at -6,volts. 

When the BOT input makes a positive transition from -6 volts to 0 volts, a +6 volt 
pulse is produced by the differentiator circuit comprised of R18 and C12 and is coupled 
through OR gate diode CR16 to the base of Q2; the positive pulse resets the reverse flip- 
flop. The REV (+) output is at -6 volts. 

For mechanization of logic equation (a), the FWD/REV input must be at 0 volts, the 
UNIT SELECT input must be at 0 volts, the BOT input must be at -6 volts, and the RUN/ 
STOP input must make a negative transition from 0 volts to -12 volts. With the FWD/REV 
input at 0 volts, Q9 is biased to saturation. When Q9 is saturated, AND gate diode GR23 
is back biased, and AND gate transistor QIO is biased to saturation. When QIO is saturated, 
the AND gate c omprised of QIO and CR21 is disabled and Q8 is cut off. The BOT input at 
-6 volts back biases AND gate diode CR24; since CR23 is also back biased, the AND gate 
output is controlled by the input to AND gate diode CR22 . When the RUN/STOP input goes to 
-12 volts, Q6 and Q7 are cut off; CR22 is back biased, which causes Qll to be biased to 
saturation. The UNIT SELECT input at 0 volts enables the differentiator AND gate circuit 
comprised of R21 and CIS and a +6 volt pulse is coupled through CR19 to the base of Ql; the 
positive pulse sets the reverse flip-flop. The REV (+) output is at zero volts. The negative 
pulse from C13 back biases OR gate diode CR15 and has no effect on the reverse flip-flop 
circuit. The negative pulse from C14 back biases OR gate diode CRll and has no effect cn 
the reverse flip-flop circuit. 
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2. THEORY OF OPERATION. (Continued) 


For mechanization of logic equation (b), the UNIT SELECT input must be at 0 volts and 
the RUN/STOP input must make a positive transition from -12 volts to 0 volts. When the RUN/ 
STOP input goes to 0 volts, Q6 and Q7 are biased to saturation and Qll is cut off. The UNIT 
SELECT input at 0 volts enables the differentiator AND gate circuit comprised of R19 and C13 
and a +6 volt pulse is coupled through OR gate diode CR15 to the base of Q2; the positive pulse 
resets the reverse flip-flop. The REV (+) output is at -6 volts. The negative pulse from CIS 
back biases CR19 and has no effect on the reverse flip-flop circuit. 

For mechanization of logic equation (c), the LOCAL input must be at 0 volts and the 
EOT input must make a positive transition from -6 volts to 0 volts. The LOCAL input at 
0 volts enables the differentiator AND gate circuit comprised of R15 and Cll and a +6 volt 
pulse is coupled through OR gate diode CR17 to the base of Q2; the positive pulse resets the 
reverse flip-flop. The REV (+) output is at -6 volts. 


REV (-) Output (Pin 32) . REV (-) output is the complement signal of REV (+). Output 
voltages and their derivations are the same. 


3. POWER REQUIREMENTS. 


VOLTAGE 

CURRENT 

+12 VDC ±3% 

32 ma max 

-12 VDC ±3% 

82 ma max 

- 6 VDC ±4% 

40 ma max 
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TABLE 1 

FORWARD/REVERSE LOGIC, INPUT SIGNAL LEVELS 


PIN 

NO. 

SIGNAL 

DESIGNATION 

HIGH 

LEVEL 

LOW 

LEVEL 

10 

Fwd/Rev ( -/+) 

0 to -1 volt 

-8.5 to -12 volts 

12 

. 

Run/Stop ( -/+) 

0 to -1 volt 

-8.5 to -12 volts 

14 

Rewinding (+) 

0 to -0.5 volt 

-5.8 to -7 volts 

16 

Unit Select (+) 

0 to -0.5 volt 

-5 to -6.2 volts 

18 

BOT (+) 

0 to -1 volt 

-5.9 to -6.6 volts 

20 

EOT (+) 

0 to -1 volt 

-5.9 to -6.6 volts 

22 

Local (+) 

0 to -0.5 volt 

-5 to -6.2 volts 

24 

Reverse PB (+) 

0 volts 

Open circuit 

30 

Master Reset (+) 

0 to -0.5 volt 

-7 to -12.36 volts 

35 

Forward PB (+) 

0 volts 

Open circuit 


TABLE 2 

FORWARD/REVERSE LOGIC, OUTPUT SIGNAL LEVELS 


PIN 

NO, 

SIGNAL 

DESIGNATION 

HIGH 

LEVEL 

LOW 

LEVEL 

26 

Fwd (+) 

0 to -1 volt 

-5.9 to -6.6 volts 

28 

Fwd (-) 

0 to -1 volt 

-5.9 to -7 volts 

32 

Rev ( -) 

0 to -1 volt 

-5.9 to -6.6 volts 

34 

Rev (+) 

0 to -1 volt 

-5. 9 to -7 volts 
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FORWARD/REVERSE LOGIC -C* 
'SCHEMATIC 3112361 


CIRCUIT BOARD DESCRIPTION 


1. GENERAL DESCRIPTION. 


The forward/reverse logic PCB provides all logic necessary to perform the forward/ 
reverse function. Ten input signals are mechanized to provide four output signals for for- 
ward/reverse operation. Signal levels used in the following circuit descriptions are nominal. 
Tables 1 and 2 list operating signal levels. 


2. THEORY OF OPERATION . (See Figure 1.) 


FWD (-) Output (Pin 28 ). FWD (-) output can be affected by FORWARD PB input, 
MASTER RESET input, BOT input, or mechanization of one of the following logic equations: 

(a) FWD (-) = (FWD) (UNIT SELECT) 

(b) FWD (-) = (BOT going off tab) (REWINDING) 


(c) FWD (-) = (STOP) (UNIT SELECT) 


(d) FWD (-)= (EOT) (LOCAL) 

When the FORWARD PB input momentarily goes to zero volts, CR13 is forward biased 
and the voltage at the base of Q1 swings positive, which causes Q1 to be cut off. The negative- 
going voltage at the collector of Q1 is coupled through R2 to the base of Q2, causing Q2 to 
saturate. The forward flip-flop, consisting of Q1 and Q2, is then in the set state. The FWD (-) 
output is at -6 volts. 

When the MASTER RESET input momentarily goes to zero volts, CRl is forward biased 
and the voltage at the base of Q2 swings positive, which causes Q2 to be cut off. The negative- 
going voltage at the collector of Q2 is coupled through R3 to the base of Ql, causing Q1 to 
saturate. The forward flip-flop is then in the reset state. The FWD (-) output is at zero volts. 

When the BOT input makes a positive transition from -6 volts to 0 volts, a +6 volt pulse 
is produced by the differentiator circuit comprised of C12 and R23 and is coupled through OR 
gate diode CR12 to the base of Q2; the positive pulse resets the forward flip-flop. The FWD (-) 
output is at zero volts . 

For mechanization of logic equation (a), the UNIT SELECT input must be at 0 volts and 
the FWD/STOP input must make a negative transition from 0 volts to -12 volts. When the 
FWD/STOP input goes to -12 volts, Q6 and Q7 are cut off and Q8 is saturated. The UNIT 
SELECT input at 0 volts enables the differentiator circuit comprised of C14 and R21 and a 


*Fwd/Stop and Rev/Stop inputs. 
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2. THEORY OF OPERATION. (Continued) 

+6 volt pulse is coupled through OR gate diode CR9 to the base of Ql; the positive pulse sets 
the forward flip-flop. The FWD (-) output is at -6 volts. The negative pulse from C13 back 
biases OR gate diode CRIO and has no effect on the forward flip-flop circuit. 

For mechanization of logic equation (b), the REWINDING input must be at 0 volts and 
the BOT input must make a negative transition from 0 volts to -6 volts. When the BOT input 
goes to -6 volts, Q3 is biased to saturation. The REWINDING input at 0 volts enables the 
differentiator circuit comprised of CIO and R18 and a +6 volt pulse is coupled through OR 
gate diode CR8 to the base of Ql; the positive pulse sets the forward flip-flop. The FWD (-) 
output is at -6 volts. 

For mechanization of logic equation (c), the UNIT SELECT input must be at 0 volts and 
the FWD/STOP input must make a positive transition from -12 volts to 0 volts. When the 
FWD/STOP input goes to 0 volts, Q6 and Q7 are saturated and Q8 is cut off. The UNIT 
SELECT input at 0 volts enables the differentiator circuit comprised of C13 and ltl9 and a 
+6 volt pulse is coupled through OR gate diode CRIO to the base of Q2; the positive pulse 
resets the forward flip-flop. The FWD (-) output is at zero volts. The negative pulse from 
C14 back biases OR gate diode CR9 and has no effect on the forward flip-flop circuit. 

For mechanization of logic equation (d), the LOCAL input must be at 0 volts and the 
EOT input must make a positive transition from -6 volts to 0 volts . The LOCAL input at 
0 volts enables the differentiator circuit comprised of Cll and R22 and a +6 volt pulse is 
coupled through OR gate diode CRll to the base of Q2; the positive pulse resets the forward 
flip-flop. The FWD (-) output is at zero volts. 

FWD (+) Output (Pin 26) . FWD (+) output is the complement signal of FWD (-). Output 
voltages and their derivations are the same. 


REV (+) Output (Pin 34) . REV (+) output can be affected by REVERSE PB input, MASTER 
RESET input, BOT input, or mechanization of one of the following logic equations: 


(a) REV (+) = (REV) (UNIT SELECT (BOT) 


(b) REV (+) = (STOP) (UNIT SELECT) 


(c) REV (+) = (EOT) (LOCAL) 
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CIRCUIT BOARD DESCRIPTION 


2. THEORY OF OPERATION. (Continued) 


FORWARD/REVERSE LOGIC -C 
SCHEMATIC 3112361 


When the REVERSE PB input momentarily goes to zero volts, CR6 is forward biased 
and the voltage at the base of Q4 swings positive, which causes Q4 to be cut off. The 
negative -going voltage at the collector of Q4 is coupled through R9 to the base of Q5, 
causing Q5 to saturate. The reverse flip-flop, consisting of Q4 and Q5, is then in the set 
state. The REV (+) output is at zero volts. 

When the MASTER RESET input momentarily goes to zero volts, CR4 is forward 
biased and the voltage at the base of Q5 swings positive, which causes Q5 to be cut off. 

The negative -going voltage at the collector of Q5 is coupled through RIO to the base of Q4, 
causing Q4 to saturate. The reverse flip-flop is then in the reset state. The REV (+) 
output is at -6 volts. 

When the BOT input makes a positive transition from -6 volts to 0 volts, a +6 volt 
pulse is produced by the differentiator circuit comprised of C12 and R23 and is coupled 
through OR gate diode CR13 to the base of Q5; the positive pulse resets the reverse flip- 
flop, The REV (+) output is at -6 volts. 

For mechanization of logic equation (a), the UNIT SELECT input must be at 0 volts, 
the BOT input must be at -6 volts, and the REV/STOP input must make a negative transition 
from 0 volts to -12 volts. The BOT input at -6 volts back biases AND gate diode CR22, 
which allows the input at AND gate diode CR21 to control Qll. When the REV/STOP input 
goes to -12 volts, Q9 and QIO are cut off . CR21 is back biased, which allows the voltage 
at the base of Qll to go positive; Qll becomes saturated. The UNIT SELECT input at 
0 volts enables the differentiator circuit comprised of C16 and R24 and a +6 volt pulse is 
coupled through CR16 to thp base of Q4; the positive pulse sets the reverse flip-flop. 

The REV (+) output is at zero volts. The negative pulse from CIS back biases OR gate 
diode CR15 and has no effect on the reverse flip-flop circuit. 

For mechanization of logic equation (b), the UNIT SELECT input must be at 0 volts 
and the REV/STOP input must make a positive transition from -12 volts to 0 volts. When 
the REV/STOP input goes to 0 volts, Q9 and QIO are saturated. The UNIT SELECT input 
at 0 volts enables the differentiator circuit comprised of CIS and R20 and a +6 volt pulse 
is coupled through OR gate diode CRIS to the base of QS the positive pulse resets the 
reverse flip-flop. The REV (+) output is at -6 volts. If CR22 is back biased, Qll is cut 
off. The negative pulse from Cl6 back biases CR16 and has no effect on the reverse flip- 
flop circuit. 
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FORWARD/REVERSE LOGIC -C* 
SCHEMATIC 3112361 


CIRCUIT BOARD DESCRIPTION 


2. THEORY OF OPERATION. (Continued) 


For mechanization of logic equation (c), the LOCAL input must be at 0 volts and the 
EOT input must make a positive transition from -6 volts to 0 volts . The LOCAL input at 
0 volts enables the differentiator circuit comprised of Cll and R22 and a +6 volt pulse is 
coupled through OR gate diode CRM to the base of Q5; the positive pulse resets the reverse 
flip-flop. The REV (+) output is at -6 volts. 


REV (-) Output (Pin 32) . REV (-) output is the complement signal of REV (+). 
Output voltages and their derivations are the same . 


3. POWER REQUIREMENTS. 


VOLTAGE 

CURRENT 

+12 VDC ±3% 

32 ma max 

-12 VDC ±3% 

82 ma max 

- 6 VDC ±4% 

40 ma max 
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CIRCUIT BOARD DESCRIPTION 


FORWARD/REVERSE LOGIC -C* 
SCHEMATIC 3112361 


TABLE 1 

FORWARD/REVERSE LOGIC -C, INPUT SIGNAL LEVELS 


PIN 

NO. 

SIGNAL 

DESIGNATION 

LOW 

LEVEL 

HIGH 

LEVEL 

10 

Rev/Stop (-/+) 

0 to -1 volt 

-8.5 to -12 volts 

12 

Fwd/Stop (-/+) 

0 to -1 volt 

-8.5 to -12 volts 

14 

Rewinding (+) 

0 to -0.5 volt 

-5. 6 to -6.6 volts 

16 

Unit Select (+) 

0 to -0. 5 volt 

-5 to -6.2 volts 

18 

BOT (+) 

0 to -1 volt 

-5.9 to -6.6 volts 

20 

EOT (+) 

0 to -1 volt 

-5.9 to -6.6 volts 

22 

Local (+) 

0 to -0. 5 volt 

-5 to -6.2 volts 

24 

Reverse PB (+) 

0 volts 

Open circuit 

30 

Master Reset (+) 

0 to -0.5 volt 

-7 to -12.36 volts 

35 

Forward PB (+) 

0 volts 

Open circuit 


TABLE 2 

FORWARD/REVERSE LOGIC -C, OUTPUT SIGNAL LEVELS 


PIN 

NO. 

SIGNAL 

DESIGNATION 

LOW 

LEVEL 

HIGH 

LEVEL 

26 

Fwd (+) 

0 to -1 volt 

-5.9 to -6.6 volts 

28 

Fwd ( -) 

0 to -1 volt 

-5.9 to -7 volts 

32 

Rev ( -) 

0 to -1 volt 

-5.9 to -6.6 volts 

34 

Rev (+) 

0 to -1 volt 

-5.9 to -7 volts 
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CIRCUIT BOARD DESCRIPTION 


LOCAL/REMOTE LOGIC 
SCHEMATIC 3107103 


1. GENERAL DESCRIPTION . 

The local/remote logic PCB provides all logic necessary to perform the local/remote 
functions. Seven input signals are mechanized to provide ten output signals for local/remote 
operation. REMOTE PB input is the only input which permits transfer from local to remote 
operation. Transfer from remote to local is accomplished in several ways as explained in 
the text. Signal levels used in the following circuit descriptions are nominal. Refer to 
Tables 1 and 2 for operating signal levels. 

2. THEORY OF OPERATION. (See Figure 1.) 


TRANSPORT READY (-) Input (Pin 13 ). The TRANSPORT READY (-) input must be at 
-12 volts before normal tape drive will be enabled. When the TRANSPORT READY (-) input 
is at 0 volts, Q4 conducts and -6 volts is applied through forward biased CRIO to the base of 
Q6. The READY (+) output is -6 volts. Q6 conducts and the MASTER RESET (+) output goes 
to d volts. The MASTER RESET (+) output sets the flip-flops in the forward/reverse logic 
PCB to the stop condition, preventing tape motion. The 0 volt output from Q6 also forward 
biases CR9 and CR12, which disables the LOCAL INDICATOR (+) and REMOTE INDICATOR (+) 
outputs. 

When the TRANSPORT READY (-) input is at -12 volts, Q4 is cut off and the READY (+) 
output goes to +6 volts, developed by voltage divider resistors R31 and R30. Q6 is cut off 
and the MASTER RESET (+) output goes to -12 volts. CR9 and CR12 are back biased, enabling 
the input to the LOCAL INDICATOR (+) and REMOTE INDICATOR (+) circuits. CR7 is back 
biased, enabling the local/remote flip-flop circuit. 

When the TRANSPORT READY (-) input goes to 0 volts, Q4 conducts and -6 volts is 
applied through CR7 and RIO to the base of Q1 and Q1 conducts. When Q1 conducts, Q2 is 
cut off and Q3 conducts. The OCP ENABLE (+) and the LOCAL (+) outputs go to 0 volts. 

CR14 is forward biased and disables the SELECT (-) input. 


LOCAL PB Input (Pin 30) . When the LOCAL PB input is at 0 volts and TRANSPORT 
READY (-) input is at -12 volts, Q2 is cut off by the voltage applied through CR3 and R4. 
With Q2 cut off, Q1 and Q3 are conducting, and the OCP ENABLE (+) and LOCAL (+) outputs 
go to 0 volts. CR8 and CR9 are back biased and enable the local indicator driver circuit. 

Q7 and Q8 are conducting and the LOCAL INDICATOR (+) output is 0 volts. CR14 is forward 
biased and disables the SELECT (-) input. Q14 conducts and the SELECT & REMOTE (-) 
output is 0 volts. The SELECT & REMOTE INDICATOR (+) output driver circuits are dis^ 
abled. Q12 conducts and Q13 is cut off. The UNIT SELECT (-) output goes to 0 volts. 

The LOCAL (-) output goes to -6 volts. CRll is forward biased and disables the REMOTE 
INDICATOR (+) driver circuit. 
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CIRCUIT BOARD DESCRIPTION 


LOCAL/REMOTE LOGIC 
SCHEMATIC 3107103 


2. THEORY OF OPERATION. (Continued) 


RESET PB Input (Pin 28) . When the RESET (STOP) PB input is at 0 volts and the 
TRANSPORT READY (-) input is at -12 volts, Q2 is cut off by the voltage applied through CR5 
and R4. The circuit then operates the same as described for LOCAL PB input. 


GO LOCAL (-) Input (Pin 22) . When the GO LOCAL (-) input is at -6 volts and the 
TRANSPORT READY (-) input is at -12 volts, Q1 is biased on by the voltage applied through 
CR6 and RIO. The circuit then operates the same as described for LOCAL PB input. 

REMOTE PB Input (Pin 26) . When the REMOTE PB input is at 0 volts and the 
TRANSPORT READY (-) input is at -12 volts, Q1 is cut off by the voltage applied through 
CR4 and R5. When Q1 is cut off, Q2 conducts and Q3 is cut off. The OCP ENABLE (+) out- 
put goes to 0 volts. CR8 is forward biased and disables the LOCAL INDICATOR driver 
circuit. CRll and CR12 are back biased and enable the REMOTE INDICATOR circuit. Q9 
and QIO are conducting and the REMOTE INDICATOR (+) output is 0 volts. CR14 is back 
biased and the SELECT (-) input is enabled. 

SELECT (-) Input (Pin 9) . When the circuits are in the condition described for 
REMOTE PB input and the TRANSPORT READY (-) is at -12 volts, a SELECT (-) input at 
-12 volts cuts off Qll. When Qll is cut off, Q12 is cut off and Q13 conducts. The UNIT 
SELECT (-) output goes to -6 volts. Q14 is cut off and Q15 and Ql6 are conducting. The 
SELECT & REMOTE (-) output goes to -12 volts and the SELECT & REMOTE INDICATOR (+) 
output goes to 0 volts. 

OCP RESET (+) Input (Pin 11) . When the OCP RESET (+) input is at 0 volts, Q5 conducts 
and the READY (+) output goes to -6 volts. Q6 conducts and the MASTER RESET (+) output 
goes to 0 volts. CR9 and CR12 are forward biased and disable the local and remote indicator 
driver circuits. 

When the OCP RESET (+) input is at -12 volts, Q5 is cut off. 

3. POWER REQUIREMENTS. 


VOLTAGE 

CURRENT 

+12 VDC ±3% 
-12 VDC ±3% 
- 6 VDC ±4% 

8 ma max 
43 ma max 
11 ma max 
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CIRCUIT BOARD DESCRIPTION LOCAL/REMOTE LOGIC 

SCHEMATIC 3107103 


TABLE 1 

LOCAL/REMOTE LOGIC, INPUT SIGNAL LEVELS 


PIN 

NO. 

SIGNAL 

DESIGNATION 

HIGH 

LEVEL 

LOW 

' LEVEL 

9 

Select (-) 

0 ±1. 25 volts 

-12 ±2 volts 

11 

OCP Reset (+) 

0 volts 

Open circuit 

13 

Transport Ready (-) 

Open circuit 

-10.0 to -12.36 volts 

22 

Go Local (-) 

0 to -1 volt 

-5.8 to -7 volts 

26 

Remote PB (+) 

0 volts 

Open circuit 

28 

Reset PB (+) 

0 volts 

Open circuit 

30 

Local PB (+) 

0 volts 

Open circuit 


TABLE 2 

LOCAL/REMOTE LOGIC, OUTPUT SIGNAL LEVELS 


PIN 

NO, 

SIGNAL 

DESIGNATION 

HIGH 

LEVEL 

LOW 

LEVEL 

15 

Ready (+) 

+4 to +6 volts 

-4 to -6.2 volts 

16 

Unit Select ( -) 

0 to -1 volt 

-5 to -6. 2 volts 

17 

Select & Remote (-) 

0 to -0.5 volt 

1 . 15K +10% returned to 
-11 volts ±3 volts 

18 

Select & Remote Indicator (+) 

0 to -0.5 volt 

125 ohms ±3% returned to ground 

19 

Local Indicator (+) 

0 to -0.5 volt 

125 ohms ±3% returned to ground 

20 

Remote Indicator (+) 

0 to -0.5 volt 

125 ohms ±3% returned to ground 

24 

Local (+) 

0 to -0.5 volt 

-5 to -6 . 2 volts 

32 

Local ( -) 

0 to -0.5 volt 

-5 to -6 . 2 volts 

34 

OCP Enable (+) 

0 to -0.5 volt 

-10 to -12.36 volts 

35 

Master Reset (+) 

0 to -0.5 volt 

-7 to -12.36 volts 
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Figure 1 

Local/Remote Logic, Logic Diagram 
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CIRCUIT BOARD DESCRIPTION 


PHOTOAMPLIFIER -C 
SCHEMATIC 3110238 


1. GENERAL DESCRIPTION . 

The photoamplifier PCB assembly contains two identical circuits; one circuit is used 
in the BOT tab sense circuit, the second circuit is used in the EOT tab sense circuit. Each 
circuit comprises an input amplifier, a Schmitt trigger, an output driver, and a NAND gate/ 
driver. (See Figure 1.) The NAND gate/driver is used with positive -logic input. 

In the following circuit description, the BOT circuit is described. Operation of the 
EOT circuit is identical. Signal voltages used in the circuit description are nominal; refer 
to Tables 1 and 2 for operating voltage levels. 


2. THEORY OF OPERATION. 


Input Amplifier . Transistor Q1 is used in a common base configuration and operates 
class A, with the emitter voltage clamped to approximately -0.6 volt. The current through 
R3 is determined by the setting of potentiometer R2 since the common base configuration 
maintains constant voltage across R2 and R3. The current through R2 and R3 is provided 
by two parallel sources, Q1 and the photovoltaic cell (BOT sensor). As the amount of light 
striking the sensor increases, the current through it increases proportionally, thus de- 
creasing the current demand on Q1 and decreasing the current through Rl. 

The back of the tape reflects a small amount of light, producing an off -tab or "gray" 
current. Potentiometer R2 is adjusted to provide output voltage levels from the input ampli- 
fier that will trigger the Schmitt trigger during the on-tab input condition, and permit the 
Schmitt trigger to return to the quiescent state during the off-tab input condition. 

The output of transistor Q1 appears across collector load resistor Rl and is directly 
coupled to the base of Q2. Q2 isolates and amplifies the output of Ql. Capacitor Cl filters 
noise spikes from the output of Ql. The output of Q2 is coupled through R6 to the base of 
transistor Q3 in the Schmitt trigger. 

Schmitt Trigger . When the current from the sensor is at the off -tab level, Q3 is 
saturated and Q4 is cut off. When the current increases to the on-tab level, Q3 is cut off 
by the negative -going voltage from Q2. Q4 is saturated and biases on Q5, the output driver. 
When Q5 conducts, the BQT (+) output goes to 0 volts. Q5 is cut off when the photocell 
current is at the off-tab level and the BOT (+) output is at -6 volts. 
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CIRCUIT BOARD DESCRIPTION 


PHOTOAMPLIFIER -C 
SCHEMATIC 3110238 


2. THEORY OF OPERATION. (Continued) 


NAND Gate /Driver . CRl, CR2, and CR5 are the NAND gate/driver inputs. When 
the inputs to the NAND gate/driver are all 0 volts, Q6 is cut off and Q7 is saturated. The 
BOT (-) output is at -12 volts. When any of the NAND gate/driver inputs goes to -6 volts, 
Q6 conducts and Q7 is cut off. The BOT (-) output is at 0 volts. 

An open-circuit input to the NAND gate/driver has the same effect as a 0 volt input. 

Exciter Lamp (Pins 34 and 35 ). R1 is used as a dropping resistor when a 5 -volt 
photocell exciter lamp is used. The lamp is driven by the -6 volt supply. 


3. POWER REQUIREMENTS. 


VOLTAGE 

CURRENT 

+12 VDC ±3% 

25 ma max 

-12VDC±3% 

50 ma max 
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CIRCUIT BOARD DESCRIPTION 


PHOTOAMPLIFIER -C 
SCHEMATIC 3110238 


TABLE 1 

PHOTOAMPLIFIER TYPE C, INPUT SIGNAL LEVELS 


PIN no: 

SIGNAL DESIGNATION 

HIGH LEVEL 

LOW LEVEL 

9 

BOT Sensor (+) 

90 pa min increase 

0 to 100 pa 

10 

BOT Sensor Return 

over low level (on tab) 

(off tab) 

11 

REWINDING (-) 

0 to -1 volt 

-5.8 to -7 volts 

12 

UNIT SELECT (+) 

0 to -1 volt 

-5 to -6.2 volts 

25 

* 

0 to -1 volt 

-5 to -12 volts 

26 

UNIT SELECT (+) 

0 to -1 volt 

-5 to -6. 2 volts 

28 

EOT Sensor (+) 

90 pa min increase 

0 to 100 pa 

30 

EOT Sensor Return 

over low level (on tab) 

(off tab) 


*Not presently used 


TABLE 2 

PHOTOAMPLIFIER TYPE C, OUTPUT SIGNAL LEVELS 


PIN NO. 

SIGNAL DESIGNATION 

HIGH LEVEL 

LOW LEVEL 

17 

BOT (+) 

0 to -0.5 volt 

-6.5 volts min with 865 ±86.5 
ohm source impedance 

18 

BOT(-) 

0 to -1.5 volts 

-9.6 to -12. 5 volts 

19 

EOT (-) 

0 to -1.5 volts 

-9.6 to -12. 5 volts 

20 

EOT (+) 

0 to -0.5 volt 

-6.5 volts min with 865 ±86.5 
ohm source impedance 


























Figure 1 

Photoamplifier -C, Logic Diagram 
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CIRCUIT BOARD DESCRIPTION 


REWIND LOGIC -C 
SCHEMATIC 3116168 


1 . GENERAL DESCRIPTION. 

The rewind logic PCB assembly provides the logic necessary to perform the rewind 
function. Several unit select logic circuits are also located on the PCB assembly. 

(See Figure 1.) Signal levels used in the following circuit descriptions are nominal. Refer 
to Tables 1 and 2 for operating signal levels. 


2. THEORY OF OPERATION. 


REWIND (-) Output (Pin 28) . The REWIND (-) output can be affected by the REWIND PB 
input, the MASTER RESET input, the BOT input, or the mechanization of one of the following 
logic equations. 

(a) REWIND (-) = (REWIND COMMAND) (SELECT & REMOTE) 

(b) REWIND (-) = (REWIND & LOCKOUT) (SELECT & REMOTE) 

When the REWIND PB input momentarily goes to zero volts, CR6 is forward biased 
and the voltage at the base of Q1 swings positive, which causes Q1 to be cut off. The 
negative -going voltage at the collector of Q1 is coupled through R2 to the base of Q2, causing 
Q2 to saturate. The rewind flip-flop, consisting of Q1 and Q2, is then in the set state. The 
REWIND (-) output is at -6 volts. 

When the MASTER RESET input momentarily goes to zero volts, OR gate diode CR2 
is forward biased and the voltage at the base of Q2 swings positive, which causes Q2 to be 
cut off. The negative -going voltage at the collector of Q2 is coupled through R4 to the base 
of Ql, causing Q1 to saturate. The rewind flip-flop is then in the reset state. The 
REWIND (-) output is at zero volts. 

When the BOT input goes to zero volts, OR gate diode CR3 is forward biased and the 
rewind flip-flop is reset as described for the MASTER RESET input. The REWIND (-) output 
is at zero volts . 

For mechanization of logic equation (a), the REWIND COMMAND and SELECT & 
REMOTE inputs must be at -12 volts. When the REWIND COMMAND input is at -12 volts, 

Q6 is cut off; AND gate transistor Q8 is also cut off. The SELECT & REMOTE input at -12 
volts reverse biases AND gate diode CR13, thus allowing the collector voltage of Q8 to 
swing negative. The negative voltage is coupled through OR gate diode CR14 to the base of 
Q2; the negative voltage sets the rewind flip-flop. The REWIND (-) output is at -6 volts. 
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CIRCUIT BOARD DESCRIPTION REWIND LOGIC -C 

SCHEMATIC 31I6I68 

2. THEORY OF OPERATION . (Continued) 

For mechanization of logic equation (b), the REWIND & LOCKOUT and SELECT & 
REMOTE inputs must be at -12 volts. When the REWIND & LOCKOUT, input is at -12 volts, 
Q7 and Q9 are cut off. AND gate diode CR17 is reverse biased. The SELECT & REMOTE 
input at -12 volts reverse biases AND gate diode CR15, thus allowing negative voltage to be 
coupled through R32, OR gate diode CR16, and R31 to the base of Q2. The negative voltage 
sets the rewind flip-flop. The REWIND (-) output is at -6 volts. 

REWIND (+) Output (Pin 26) . The REWIND (+) output is the complement signal of the 
REWIND (-) output, and is derived by applying the REWIND (-) signal through inverter Q3. 
The output from Q3 is either 0 volts or -6 volts. 

REWINDING (-) Output (Pin 32) . The REWINDING (-) output can be affected by the 
MASTER RESET input, the transition to the set state of the rewind flip-flop, or the 
mechanization of the following logic equation. 


REWINDING (-) = (FORWARD) (TIME DELAY) 

When the MASTER RESET input momentarily goes to zero volts, CR8 is forward 
biased and the voltage at the base of Q5 swings positive, which causes Q5 to be cut off. The 
negative -going voltage at the collector of Q5 is coupled through R15 to the base of Q4, causing 
Q4 to saturate. The rewinding flip-flop, consisting of Q4 and Q5, is then in the reset state. 
The REWINDING (-) output is at zero volts. 

When the rewind flip-flop goes from the reset to the set state, the positive -going 
voltage swing at the collector of Q3 is coupled (as a positive pulse) through C8 and GR9 to 
the base of Q4. The positive pulse cuts off Q4. The negative -going voltage at the collector 
of Q4 is coupled through R13 to the base of Q5, causing Q5 to saturate. The rewinding flip- 
flop is then in the set state. The REWINDING (-) output is at -6 volts. 

For mechanization of the logic equation, the FORWARD (+) input must be at 0 volts 
and the TIME DELAY input must make a positive transition from -6 volts to 0 volts. The 
FORWARD (+) input at 0 volts enables the differentiator AND gate circuit comprised of R18 
and C4 and a +6 volt pulse is coupled through GR12 to the base of Q5; the positive pulse 
resets the rewinding flip-flop. The REWINDING (-) output is at zero volts. 


REWINDING (+) Output (Pin 30) . The REWINDING (+) output is the complement signal 
of REWINDING (-). Output voltages and their derivations are the same. 
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CIRCUIT BOARD DESCRIPTION 


REWIND LOGIC -C 
SCHEMATIC 3116168 


2. THEORY OF OPERATION . (Continued) 

GO LOCAL (-) Output (Pin 9) . The GO LOCAL (-) output is affected by mechanization 
of the following logic equation. 

GO LOCAL (-) = (REWIND & LOCKOUT) (Rewind FF set) 

For mechanization of the logic equation, the REWIND & LOCKOUT input must be at 
-12 volts and the rewind flip-flop must be in the set state. The REWIND & LOCKOUT input 
at -12 volts cuts off Q7 and Q9. When Q9 is cut off, AND gate diode CR18 is reverse biased. 
When the rewind flip-flop is in the set state, AND gate diode CR19 is reverse biased. With 
both AND gate diodes reverse biased, the GO LOCAL (-) output goes to -6 volts. 


UNIT SELECT (+) Output (Pin 17) . The UNIT SELECT (+) output is controlled by the 
SELECT & REMOTE input. When the SELECT & REMOTE input is at -12 volts, QIO is biased 
to saturation and the UNIT SELECT (+) output is at 0 volts. When the SELECT & REMOTE 
input is at 0 volts, QIO is cut off and the UNIT SELECT (+) output goes to -6 volts. 


REWINDING STATUS (-) Output (Pin 34) . The REWINDING STATUS (-) output is 
affected by mechanization of the following logic equation. 

REWINDING STATUS (-) = (SELECT & REMOTE) (Rewinding FF set) 

For mechanization of the logic equation, the SELECT & REMOTE input must be at 
-12 volts and the rewinding flip-flop must be in the set state. The SELECT & REMOTE 
input at -12 volts causes QIO to be saturated and 0 volts to be applied to AND gate diode 
CR21. When the rewinding flip-flop is in the set state, 0 volts is applied to AND gate diode 
CR20. With 0 volts applied to both AND gate diodes, Q12 is cut off and line-driver Q15 is 
biased to saturation. The REWINDING STATUS (-) output is -12 volts (through 125 ohm 
resistor R48). 

When the input to either AND gate diode is negative, Q12 is biased to saturation and 
Q15 is cut off. The REWINDING STATUS (-) output is zero volts (through CR26). 


HI/LO DENSITY STATUS (-/+) Output (Pin 19 ) . The HI/LO DENSITY STATUS output 
is affected by the SELECT & REMOTE input and the HI/LO DENSITY input. 

When the SELECT & REMOTE input is at -12 volts, QIO is biased to saturation and 
0 volts is applied to AND gate diode CR25. When the HI/LO DENSITY input is at -12 volts. 
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CIRCUIT BOARD DESCRIPTION 


REWIND LOGIC -C 
SCHEMATIC 3116168 


2. THEORY OF OPERATION . (Continued) 

AND gate transistor Qll is cut off. With the AND gate transistor cut off and 0 volts applied 
to the AND gate diode, Q14 is cut off and line driver Q17 is biased to saturation. The HI/LO 
DENSITY STATUS output is -12 volts (through 125 ohm resistor R50). 

When either the SELECT & REMOTE input or the HI/LO DENSITY input is at 0 volts, 
Q14 is biased to saturation and Q17 is cut off. The HI/LO DENSITY STATUS output is zero 
volts (through CR28) . 


READY (-) Output (Pin 20) . The READY (-) output is controlled by a three -input AND 
gate, consisting of diodes CR22, CR23, and CR24. When the inputs to the three AND gate 
diodes are all at 0 volts, Q13 is cut off and line driver Ql6 is biased to saturation. The 
READY (-) output IS -12 volts (through 125 ohm resistor R49). 

When the input to any of the three AND gate diodes is at -6 volts (or more negative), 
Q13 is biased to saturation and Q16 is cut off. The READY (-) output is 0 volts (through 
CR27). 


The input to CR22 is from the collector of QIO, which is at 0 volts when the SELECT & 
REMOTE input is at -12 volts. The input to CR23 is the READY (+) input. The input to CR24 
is the READY INHIBIT (-) input. 


3. POWER REQUIREMENTS. 


VOLTAGE 

CURRENT 

+12 VDC ±3% 

8 ma max 

-12 VDC ±3% 

81 ma max 

-6 VDC ±4% 

18 ma max 
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CIRCUIT BOARD DESCRIPTION 


REWIND LOGIC -C 
SCHEMATIC 3116168 


TABLE 1 

REWIND LOGIC -C, INPUT SIGNAL LEVELS 


PIN 

NO. 

SIGNAL 

DESIGNATION 

HIGH 

LEVEL 

LOW 

LEVEL 

11 

REWIND & LOCKOUT (-) 

0 ±1 . 25 volts 

-12 ±2 volts 

12 

REWIND COMMAND (-) 

0 ±1. 25 volts 

-12 ±2 volts 

14 

REWIND PB (+) 

0 volts 

Open circuit 

15 

READY INHIBIT (-) 

0 to -1 volt 

-5. 9 to -12 volts 

16 

SELECT & REMOTE (-) 

0 to -1 volt 

-10 to -12.36 volts 

18 

HI/LO DENSITY ( -/+) 

0 volts 

-12 volts 

21 

BOT (+) 

0 to -0.5 volt 

-5. 9 to -6.6 volts 

22 

TIME DELAY (+) 

0 to -0.5 volt 

-5. 9 to -6.6 volts 

24 

FWD (+) 

0 to -1 volt 

-5. 9 to -6.6 volts 

33 

READY (+) 

+4 to +6. 2 volts 

-4. 6 to -6.3 volts 

35 

MASTER RESET (+) 

0 to -1 volt 

-7 to -12. 36 volts 


TABLE 2 

REWIND LOGIC -C, OUTPUT SIGNAL LEVELS 


PIN 

NO. 

SIGNAL 

DESIGNATION 

HIGH 

LEVEL 

LOW 

LEVEL 

9 

GO LOCAL (-) 

0 to -1 volt 

-5.8 to -7 volts* 

17 

UNIT SELECT (+) 

0 to -1 volt 

-5 to -6.2 volts 

19 

HI/LO DENSITY STATUS ( -/+) 

0 to -1 volt 

-10 to -12.36 volts 

20 

READY (-) 

0 to -1 volt 

-10 to -12.36 volts 

26 

REWIND (+) 

0 to -1 volt 

-5.8 to -7 volts 

28 

REWIND (-) 

0 to -1 volt 

-5.8 to -7 volts 

30 

REWINDING (+) 

0 to -1 volt 

-5.8 to -7 volts 

32 

REWINDING (-) 

0 to -1 volt 

-5.8 to -7 volts 

34 

REWINDING STATUS (-) 

0 to -1 volt 

-10 to -12.36 volts 


* Established by current flow through external circuits. 
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CIRCUIT BOARD DESCRIPTION 


REEL SERVO PREAMPLIFIER 
SCHEMATIC 3116175 


1 . GENERAL DESCRIPTION . 

The reel servo preamplifier PCB assembly contains two similar preamplifiers and a 
time-delay circuit. (See Figure 1.) Each preamplifier consists of four switching circuits, 
a tachometer input circuit, and an output summing junction. The switching circuits are con- 
trolled by photoconductive cells located external to the PCB. One preamplifier functions in 
the file reel servo loop; the other functions in the fixed reel servo loop. In the following cir- 
cuit descriptions, only the file reel servo circuit is discussed. Operation of the fixed reel 
servo circuit is identical except for reversal of the switching circuit input polarities. 


2. THEORY OF OPERATION. 


Photoconductive Cell Inputs (Pins 9, 10, 28, and 29) . The inputs at pins 9, 10, 28, 
and 29 consist of separate photoconductive cells returned to -12 volts. The cell resistance 
is high or low depending on whether the cell is dark or illuminated. When the cell is dark, 
the resistance is 22K min. When the cell is illuminated, the resistance is 8.2K max. 


FILE REEL TACH Input (Pin 15 ). The FILE REEL TACH input is a DC voltage that 
is proportional to the speed of the tape being supplied or taken up by the file reel. The volt- 
age is negative for forward tape motion and positive for reverse tape motion. The input is 
approximately 0.08 volt/ips. Potentiometer R9 on the PCB assembly provides for adjustment 
of the current supplied to the output summing junction, thus providing speed control of the 
file reel tape motion. 


CAPSTAN VELOCITY Input (Pin 19 ). The CAPSTAN VELOCITY input is a DC voltage 
directly proportional to the capstan velocity. The voltage is positive for forward tape motion 
and negative for reverse tape motion. The input voltage range is 0 to 24 volts. The CAPSTAN 
VELOCITY input is applied to the forward and reverse transistor switching circuits through 
isolation diodes CR2 and CR3. 


Forward and Reverse Bias Voltage , Bias voltages are applied to the forward and 
reverse transistor switching circuits to provide a controlling output from the PCB assembly 
when the CAPSTAN VELOCITY and FILE REEL TACH inputs are at 0 volts. The bias volt- 
ages are provided by voltage divider resistors R4, R5, R7, and R12. R4 and R5 provide a 
positive voltage to the forward control circuits; R7 and R12 provide a negative voltage to the 
reverse control circuits. 
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CIRCUIT BOARD DESCRIPTION 
2. THEORY OF OPERATION . (Continued) 


REEL SERVO PREAMPLIFIER 
SCHEMATIC 3116175 


Transistor Switching Circuits . Transistors QIO, Qll, Q14, and Q15 are the file reel 
transistor switches. Each transistor applies 0 volts at the center of a separate voltage 
divider circuit when the transistor conducts, effectively grounding the voltage applied to the 
input of the voltage divider circuit. QIO and Q14 control voltage dividers that are supplied 
voltage by the positive CAPSTAN VELOCITY input and the forward bias circuit. Qll and 
Q15 control voltage dividers that are supplied voltage by the negative CAPSTAN VELOCITY 
input and the reverse bias circuit. 


Forward Operation . During forward operation, the FILE FEED REV (-) and FILE 
LOOP SENSE REV (-) inputs are at the low level (photocells illuminated) and Qll and Q15 
are biased on, disabling their respective voltage dividers. The FILE REEL TACH input is 
a negative voltage applied to the OUTPUT FILE output summing junction. The CAPSTAN 
VELOCITY input voltage is positive, and is applied through CR2 to R45 and R56, which are 
voltage divider resistors associated with QIO and Q14, respectively. When both the FILE 
FEED FWD (-) and FILE LOOP SENSE FWD (-) inputs are at the high level (photocells dark), 
QIO and Q14 are biased on, disabling their respective voltage dividers. The only input to the 
OUTPUT FILE output summing junction is the negative voltage from the FILE REEL TACH 
input, which produces a negative current flow from the summing junction to the external load 
(input circuit of reel servo driver). 

When the FILE FEED FWD (-) input is at the low level (photocell illuminated), Q14 
is cut off, enabling the associated voltage divider circuit. The CAPSTAN VELOCITY input 
voltage is then applied through the voltage divider circuit to the OUTPUT FILE output sum- 
ming junction, where it is summed with the negative voltage from the FILE REEL TACH 
input. The voltage divider associated with Q14 provides an output voltage from the CAPSTAN 
VELOCITY input that is approximately equal to the voltage produced by the reel tachometer 
at a speed corresponding to 90 percent of the capstan tape velocity. Thus, when the reel 
tachometer tape speed is equal to 90 percent of the capstan tape velocity, the summed 
signal at the OUTPUT FILE output summing junction is zero, with no current flow into or 
out of the junction. When the reel tachometer tape speed is less than 90 percent of the cap- 
stan tape velocity, the summed signal at the OUTPUT FILE output summing junction is 
positive, with current flow into the junction from the external load; when the reel tachometer 
tape speed is greater than 90 percent of the capstan tape velocity, the summed signal is 
negative, with current flow out of the junction to the external load. 

When the FILE LOOP SENSE FWD (-) input is also at the low level (photocell illu- 
minated), QIO is cut off, enabling the associated voltage divider circuit. The voltage dividers 
associated with QIO and Q14 provide an output voltage from the CAPSTAN VELOCITY input 
that is approximately equal to the voltage produced by the reel tachometer at a tape speed 
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CIRCUIT BOARD DESCRIPTION 
2. THEORY OF OPERATION. (Continued) 


REEL SERVO PREAMPLIFIER 
SCHEMATIC 3116175 


corresponding to 110 percent of the capstan tape velocity. Thus, when the reel tachometer 
tape speed is equal to 110 percent of the capstan tape velocity, the summed signal at the 
OUTPUT FILE output summing junction is zero, with no current flow into or out of the junction. 
When the reel tachometer tape speed is less than 110 percent of the capstan tape velocity, 
the summed signal at the OUTPUT FILE output summing junction is positive, with current 
flow into the junction from the external load; when the reel tachometer tape speed is greater 
than 110 percent of the capstan tape velocity, the summed signal is negative, with current 
flow out of the junction to the external load. 


Reverse Operation. Reverse operation is identical to forward operation, except that 
Qll and Q15 are the controlling transistor switches, with the voltage polarities reversed. 
Thus, reel tachometer tape speed less than the applicable 90 or 110 percent of capstan tape 
velocity produces a negative summed signal, with current flow out of the junction to the ex- 
ternal load; reel tachometer tape speed greater than the applicable 90 or 110 percent of cap- 
stan tape velocity produces a positive summed signal, with current flow into the junction from 
the external load. The reel tachometer input is positive. 


Stop Operation . When the CAPSTAN VELOCITY and FILE REEL TACH inputs are 
at zero volts, the forward and reverse bias voltages applied to the transistor switch voltage 
divider circuits allows the transistor switches to control the output voltage. When the 
FILE FEED FWD (-) input is at the low level, the voltage at the OUTPUT FILE output 
summing junction is positive; when the FILE FEED REV (-) input is at the low level, the 
voltage at the OUTPUT FILE output summing junction is negative. Current flow at the 
junction is not less than 40 microamperes in either direction. 


OUTPUT FILE Output . When loaded by the input circuit of the reel servo driver PCB, 
the output current is between -400 and +400 microamperes, depending on the state of the 
transistor switches, the CAPSTAN VELOCITY input, and the FILE REEL TACH input. A 
current of 40 microamperes or more is required to "switch on" circuits in the reel servo 
driver PCB assembly. Zero current flow "switches off" the circuits in the reel servo driver 
PCB assembly. 


Time -Delay Circuit. The time -delay circuit is comprised of an input buffer, a timing 
circuit coupled to a Schmitt trigger stage, a positive -level bypass circuit around the timing 
circuit and Schmitt trigger stage, and an output buffer stage. 



CIRCUIT BOARD DESCRIPTION 
2. THEORY OF OPERATION. (Continued) 


REEL SERVO PREAMPLIFIER 
SCHEMATIC 3116175 


When the REWIND (-) input at pin 8 is at -6 volts, input buffer Q1 is biased on. When 
Q1 conducts, Q2 and Q5 are biased on. Conduction through bypass circuit transistor Q2 es- 
tablishes a negative voltage at the base of Q12; the negative voltage causes Q12 to conduct. 
When Q12 conducts, Q13 is cut off. The DELAYED REWIND (-) output at pin 14 is at -12 volts. 

When Q5 conducts, timing capacitor C6 discharges rapidly through the relatively-low- 
resistance path of CR9, CR8, Q5, and R22. When C6 is discharged, the Schmitt trigger 
stage, consisting of Q8 and Q9 and component parts, is in the off condition; Q8 is cut off and 
Q9 is conducting. 

When the input at pin 8 goes to zero volts, Ql, Q2, and Q5 are cut off. Q12 is held 
in conduction by the negative voltage established at its base by current flow through Q9. 

When Q5 is cut off, timing capacitor C6 starts charging through R28. After approximately 
500 milliseconds, C6 is charged to the trigger voltage level of the Schmitt trigger stage. 

Diode CR12 is forward biased and diode GR13 is reversed biased, thus establishing a positive - 
voltage base -to -emitter condition at Q8. Q8 is biased on and cuts off Q9. When both Q9 and 
Q2 are cut off, Q12 is cut off and Q13 is biased to saturation. Thus, the DELAYED 
REWIND (-) output at pin 14 goes to zero volts approximately 500 milliseconds after the 
REWIND (-) input at pin 8 goes to zero volts. 


3. POWER REQUIREMENTS. 


VOLTAGE 

CURRENT 

+12 volts +3% 

22 ma max 

-12 volts +3% 

22 ma max 
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CIRCUIT BOARD DESCRIPTION 


REEL SERVO DRIVER 
SCHEMATIC 3110144 


1. GENERAL DESCRIPTION. 

The reel servo driver PCB assembly contains two identical sections; each section 
consists of a differential feedback amplifier stage and two trigger stages. (See Figure 1.) 


2. THEORY OF OPERATION. 


Differential Feedback Amplifier . The differential feedback amplifier consists of Ql, 
Q2, Q3, Q4, Q5, Q6, and associated component parts . The input circuit consists of dual 
transistor Ql, which is used in an emitter -coupled phase splitter configuration. Potentiometer 
R4 is adjusted for 0 volts between TPl and TP2 with the input grounded (0 volt level). The 
input signal consists of a dc voltage varying from the zero volt level to a positive or negative 
voltage level. Emitter followers Q2 and Q6 isolate amplifier driver transistors Q3 and Q5 
from the differential input circuit. R2 and R7 are the feedback resistors. Q4 stabilizes 
driver transistors Q3 and Q5 against drift caused by temperature variations and component 
aging. Capacitors Cl and C2 prevent high-frequency oscillation in the amplifier stage. 

When the input signal is positive, current through emitter El of Ql increases from 
the quiescent level. Collector Cl swings negative; collector C2 swings positive due to the 
emitter-coupled input change. Conduction through Q6 is decreased; conduction through Q2 
is increased. Q5 conducts harder and the amplifier output at TP2 (forward drive) swings 
positive; Q3 conducts less and the output at TPl (reverse drive) swings negative. The out- 
put at TPl is applied to the input of the reverse trigger stage. The output at TP2 is applied 
to the input of the forward trigger stage . 

When the input signal is negative, the output at TPl swings positive and the output at 
TP2 swings negative. 


Trigger Stages. The forward trigger stage consists of Q9, QIO, and associated 
component parts. The reverse trigger stage consists of Q7, Q8, and associated component 
parts. R17 and R25 in the input circuits establish the dead zone of the trigger stages and are 
selected to stabilize the loop gain of the reel servo system, thus preventing oscillation in the 
system . 

When a positive input signal causes the current through R1 to exceed 40 microamperes 
(approximate) in the forward direction, the voltage at TP2 swings positive over the dead zone 
level and Q9 conducts. When Q9 conducts, QIO is cut off and the voltage at output B goes up. 
The voltage at TPl swings negative and Q7 remains cut off. When Q7 is cut off, Q8 conducts 
and the voltage at output A is zero volts . 
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CIRCUIT BOARD DESCRIPTION 


REEL SERVO DRIVER 
SCHEMATIC 3110144 


2. THEORY OF OPERATION . (Continued) 

When a negative input signal causes the current through R1 to exceed 40 microamperes 
(approximate) in the reverse direction, the reverse trigger is triggered on in the same 
manner as described for the forward trigger and the output A voltage goes up. Output B volt- 
age remains at zero volts . 

The input signal must return to zero volts (no current through Rl) to cut off Q9 or Q7 
once they have been conducting. When this occurs, output A or output B returns to the zero 
volt level. 
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SECTION VII 
DRAWINGS 


7-1. INTRODUCTION . 

Drawings in this section are located in the sequence shown in the following list. 
The control electronics logic diagrams are located at the end of the section. 

LIST OF DRAWINGS 


SCHEMATIC ASSY DWG 

Assemblies 


Autotransformer 

3110227 

3110226 

Blower (Specification) 

— 

3110287 

Capstan Servo Supply 

Part No. 3110038-10 

3110042 

3110039 

Part No. 3110037-10 

3110041 

3110039 

Capstan Control Preamp CBA 
Part No. 3110049-10 

❖ 

3110049 

Part No. 3110296-10 


3110296 

Control Electronics 

3110105 

3110102 

Input/Output Panel 

3110223 

3110124 

Logic Power Supply 

3117242 

3117241 

Regulator Board PCB 


3109853 

Operator Control Panel 

3110035 

3110172 

Reel Servo Electronics 

3110138 

3110218 

Transport, Basic (Tape Deck) 

3110036 

3110020 

Vacuum Blower 

3115546 

3115546 

Vacuum Control 

3114694 

3114693 

Vacuum Control Heat Sink 

**** 

3114515 

Cable Diagrams 

TM-11 (Without Data Electronics) 

— 

3110277 

TM-11211 (With Data Electronics) 

— 

3110013 


^Circuit shown in Capstan Servo Supply schematic 3110042. 
**Circuit shown in Capstan Servo Supply schematic 3110041. 
***Circuit shown in Logic Power Supply schematic 3117242. 
**** Circuit shown in Vacuum Control schematic 3114694. 
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4. ALL DIODES TO BE OIS* 678 
3. ALL RESISTOR VALUES ARE IN OHMS iS%,l/4W 
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1. FOR ASSEMBLY SEE 3 1 1 0037 

NOTES: UNLESS OTHERWISE SPECIPIED. 
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^ MARK PART NO. ^ MAMEPLATE INFORMATION 
PER MIL- STD -130. 

T. part no. TO BE 3110049-10. 

G. SEAL PRINTED CIRCUIT SIDE ONLT WITH HUMl-SEAL 
TYPE IBIS COLUMBIA TECH. OR EGi.UlV. 

5. HEAVY LINE ON DIODE INDICATES CATHODE. 

4. COMPONENT DESIGNATIONS ARE FOR REFERENCE ONLY. 
3. ASSEMBLE PER PRODUCTION PRACTICES MANUAL. 

2. FOR assembly specification SEE 
I. FOR SCHEMATIC SEE 3ll0O4a. 

notes: 




A EcnJ 16-^ t 
B eCKJ A2.^B 
O ECH 43Bl 
D ECKi 4a03 


-I73-03& 
2& PLACES 


@@©©©©©@@ @@©© ©©@d ©@@@@©©@@ ^ 

>33456780 W 10 II 13 13 14 15 IQ, I7 IB 19 20 21 22 23 24 25 26 W 


/ 5 ^ ^ (E2 Cl) ^ 

i a E Of 5 Ct \B2^ £t O ff 


c B E E B c 


cO vP O o no 

“ ^ i ^ li ili 


d >1 1 00 1 1 in I du d yyy 


A> ^ 

O o (61 BdQio 


^ WpaX (bIio) 


ASSY 

[If- 

SER 

Ul^TYPE 


-3109631-10 [9] 


600-234 

-ryp 


280-139- 

2PLACES 



J t3 0 


014- 180 
2 PLACES 


- 173-036 
2 PLACES 



280-051 
2 PLACES 



\ — 471-060 

501-186 ^ ^Places 

soz-oozj 

TYPICAL TRANSISTOR INSTALLATION 


^ — emitter 

014-597 REF 
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^ MARK PART NO. i NAMEPLATE INFORMATION 
PER MIL- STD-130. 
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5. HEAVY LINE ON DIODE INDICATES CATHODE. 

4. COMPONENT DESIGNATIONS ARE FOR REFERENCE ONLY. 
3. assemble per production PRACTICES MANUAL. 

2. FOR ASSEMBLY SPECIFICATION SEE 
I. FOR SCHEMATIC SEE TABLE L. 
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0 FOR 230V CONNECT PINS 10 & 11, FOR 115V 
CONNECT PINS 11 & 12. 

2. ALL CAPACITOR VALUES ARE IN MICROFARADS +20%, 
400V . ■“ 


1. FOR ASSEMBLY SEE 3 // 0 / 24-/0 
NOTES: UNLESS OTHERWISE SPECIFIED. 
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8. CII2,C115,i CII 4 TO 5E 2.2 KAFD 

25V ±20%. 

SEE VALUE CHAET. 

[c] TO E>E MOUNTED ON HEAT SINK. 
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0 trimpots not to be submerged in water. 
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4. component designations ARE FOR REFERENCE ONlT. 
3. ASSEMBLE PER PRODUCTION PRACTICES MANUAL. 
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R11.R25.R29, RB7, R34, R3>S 

041-411 

RIG, RI8.RI9 

041- 413 

R20 

041- 4l3 

RG 

041- 414 

RIS 

041 - 408 

R3, R3V.R33 

041-406 

RI7 

04I-42S 

R 10, R30 

041-434 

R3 S 

04I-S3B 

R7 

041- 561 

R28 

042- 803 

R4,RS,R9,RS 

042- 491 

R22,R23 

042-419 

Rl,R2,- 

048-054 

R21. R24 

048-191 

Ri3, R14 

044-476 

R32. 

044-310 

RZG 


12. INSTALL PART “A" PER TABLE 1. 

Ql} MARK IP. POT. REF. no.'s, .12. HIGH 

* CHARACTERS, COLOR WHITE , PER MIL- STD*13o. ^/ / 

DO NOT impression STAMP. ' — 

0. MARK PART NO. NAMEPLATE INFORMATION PER MIL-STDM30. 
9. PART NO. TO BE PER B/M 

B. SEAL PRINTED CIRCUIT SIDE ONLY V/ITH HUMI-SEAL 
TTPE ibis COLUMBIA TECH. OR EQUIV. 

g] TRIMPOTS NOT TO BE SUBMER-GE^i IH WATER. 

6. PLUS SIGN ON CAPACITOR \ND1CATES P0S\TIVE. 

5. HEAVY line on DIODE INDICATES CATHODE. 

4. COMPONENT DESIGNATIONS ARE FOR REFERENCE ONLY. 

3. assemble per production PRACTICES MANUAL. 

2. FOR ASSEMBLY SPECIFICATION SEE 3ll4-fe£3. 

\. FOR SCHEMATIC SEE BH4-626. 

NOTES : 
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FSSEMBL y FC^AJC T/OA/ 

pppr P 
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3//E8/4-/0 7S /PS 

0^2- 4/9 
ju/ope/^ 




I AMPEX COMPUTER PRODUCTS COMPANY 
I 4 J937 JBTERSON BLVa CULVW CITY, CAUFORNI* LcJ- 

CIRCUIT BOARD ASSY- 
CAPSTAN CURRENT CONTROL 
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tIVKIONS 


BSU£ 

DESCUniON 

DATE 

NAmMAN 

DATE 

APPROVAL 


S/^A/ fi/iOD 

■Vt/tj 





PART NO. 

REFERENCE DESIGNATION 

320U04-10 

Qh 05, 07, 08 

014-505 

02, 03, Q4. 06. 09, QlO 

013-358 

VRI, VR2. VR3 

013-599 

CRI THRU CR22 

037-237 

. 05, C6 

035-989 

C2, C4 

037-990 

Cl. C3 

041-4-06 

RI8, R2I, R25, R28 

041-407 

R7, R8, Rll 

041-412 

R2e 

041-411 

RI2, RI9, R24, R29, R30, R3I 

041-430 

RIO, R4I 

0 41-428 

R37, R40 

041-431 

R2. R4 

041-482 

R9. RI6, R22 

041-515 

Rl, R5 

041-520 

RI3, RI4, R27 

041-507 

RI7, R23 

041-394 

R3, Re. R20 

042-857 

R38, R39 

057-616 

R34, R35 

044-310 

R32, R36, R42 

044-312 

RI5, R33 


3115720-94- 


^ MARK PART NO. AND NAMEPLATE INFORMATION 
^ PER MIL-STD-130. 

10. PART NO. TO BE >45 SHOV7N ON B/M. 

9. SEAL PRINTED CIRCUIT SIDE ONLY WITH 
HUMISEAL TYPE 1B15 COLUMBIA TECH. CORP. 
OR EQUIV. 




r^TRIMPOTS NOT TO BE SUBMERGED IN WATER. 
6. COMPONENT DESIGNATIONS ARE FOR REF. ONLY. 
5. PLUS SIGN ON CAPACITOR INDICATES POSITIVE. 

4. HEAVY LINE ON DIODES INDICATES CATHODE. 

3. ASSEMBLE PER PRODUCTION PRACTICES MANUAL. 
2. FOR ASSEMBLY SPECIFICATION SEE 3//S5/6. 

1. FOR SCHEMATIC SEE J 7/95/ 5. 

NOTES: 
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UNLBS OTHEIWISE SPEOnEO 
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US TOIKANCES 
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• PER AAJl-STD.10 


ROUGHNESS Oi 


IMATEJUAL 
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[6j SEE TABLE I. 

I. ALL DIO0ES to BE 3263024«r0. 

4. ALL TRANSISTORS TO BE 320)100-10. 

3. ALL RESISTOR VALUES ARE IN OHMS t 5X, 1/4W. 


)Q9 I 

J SZ/Z09Q-/0 I 


DO NOT SCALE DRAWING 

UMUS$ OTHERWISE SPECIFIED 
TOLERANCES 

DEGMALS ANGLES 

XX-X. XXX iL S: 

IRFAK ALL SHARP FDGES APPROX. JDIO 


1. FOR ASSEMBLY SEE TABLE I. 

JttTESi 

iMlPEX I COMPUTER PRODUCTS COMPANY 

^ I 4 9937 JCHTHSON BLVa CULVER cnv, CAUFDRNIA L^L 
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OA-J 
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ERSJIOC,-Ca PKOOREL. S^UfimU ^ 
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D ECM 73 4 -/ jf- 'Ai/ty 
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-26 FWD {+) 
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-32 RETVM 
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LAST USED 
R44 

DESIGNATION 

DELETED 
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6R23 


' Qll 



SELECT 16 
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REV/STOP(-/+) 10 
+ I2V I 
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-I2V 4 
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ii n/ 2 w 
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|I000;227K 

lOOVf 


R32 
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-6V -I2V -I2V 


-6V -12 V 

.t ♦ 


4 loooT 1 

_6v 09 

3212098-10 QIO^ 

CRI8 ?39y^ 


R40 <R41 !rdiR22lci6 
I5K $E.7K tS 

CR2I I ' < ^ 

— ,R42 QIP » 
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SR37 <R38 
^2K >|.5K 
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7 . FOR REF ASSY SEE 3] 18158. 

■SEE TABLE I. 

5. FOR ASSEMBLY SEE 3112360. 

4. all DIODES TO BE 3263024-10. 

3, ALL TRANSISTORS TO BE 3201100-10. 

2. ALL RESISTOR VALUES ARE IN 0HMS±5%,l/4W. 

1. ALL CAPACITOR VALUES ARE IN PICOFARADS ± 10“/ 
NOTES SUNLESS OTHERWISE SPECIFIED. 
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PART £ 
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3 //a 3 60 ~/o 

TM- 7 
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04/-409 
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037-990 

034-673 
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04/-560 

04/-434 

037-990 

034-673 
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041-560 
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04/-409\ 
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NOT USED 



2 PLACES 

^ 3Z00E2G-/O 



TYPICAL TRANSISTOR INSTALLATION 
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<1 K </K 
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4Sf O.C.P. E/JABLE (+) 


ISSUE 

DESCRIPTION [ 

EC A/ 31/- 13 ASi'y°.eo ryr 9 , S 


ECN 911-509 § 

C 

D 

E 

£CW 911-33 i 

FCN Oll-y PRdD.it 

ECN 39 S 9 > 

F 

ECN A 555 ^ 

<7 

£:<TA/ sssrs 

H 

ECN 7004 - A 

J 

ECN 9018 <r 


GO LOCALi-maV 


LOCAL(-)\3aY 
PEMOTE P.B.mPU TC+) \^A- 


CR8 

— >f R7>f 

CR9 lOK 


A3ZlZ.0S3-iO 
)Q7 1 


]I9\ LOCAL INDICATORS 


i«22 

>75K S/OK 


TRANSPORT REA DYC-)\/3 I 


^z\ao9B~to 


CRja [ 7ok /^rjisaiaoss-io 

— H i sAAA ^ I 


-{aolREMOTE INDICATORS 


O.C.P RESET Min 


LR27 <R2B 
>75K S)OR 


las 

A3ZIZO98-I0 


- 35 MASTER RESET f+) 

- 15 READY r+) 

-16 UNIT SELECT (-) 


13 I 0 7 ]Q 5 


SELECT C-) 9 


-i-IEV I - 
-6V 3 ■ 
-I a V 4- ■ 




\jfSUF tL^ 


\au fi33 

^12096-10 3.3 K 


rn ^ 


pi /OK 

saizos5-io /T 




- 17 SELECT 4- remote (-) 

-16 s4r indicator C+) 


^R-fZ < R*3 
?75K >/OK 


5 


TABLE I 


+ IZY 

X 

-/ 

? 

-lav 

ASSEMBLY 

FUNCTION 

USETi ON 

CR5 

R44- 

R23 

R37 

il07IOi-lO 

36TPS 

TM-7 

8263024-10 

l25fL,±37o,3W 

l25iL+3:^,3yV 

7.5 K 

3l0955T*\O 

86 IPS 

^-Vtm-4 

3263024-10 

l25£i.,t3>i,3W' 

l25£L.±3Si,3W 

7.5K 

2»l 15628-10 

BTL CT.D) 

TM -7 

NOT USED 

WOT USED 

l25rL,t3/o,3V/ 

7.5K 

3118709-10 



3243024-10 

l25iL+35i.3W 

WOT USED 

7.5K 

■Holism 

mSSB/SEmK 




270XL 

kMy 


^ SEE TABLE I 

5, • ALL DIODES TO BE 3263024-10. 

4:- ALL TRANSISTORS TO BE 3201100-10. 

3. ALL RESISTOR VALUES ARE IN OHMS, 1/4W, +5X, 

2. ALL CAPACITOR VALUES ARE IN PICOFARADS, lOX, lOOV. 
I . FOR ASSEMBLY SEE TABLE. 

JIOTES; UNLESS 0THF“wi«:e SPECIFIED. 


ID SPOTFACC CORNER 
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ISSUE DEScaimoN 
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lA 

10 

SENSE ^ 
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2B 
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2A 

28 

DRIVE OUTPUT 

K-) 

18 

DRIVE 0UTPUT2C-) 

•9 

( 

1 A 

11 

OUTPUT 

1 B 

12 
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2A 

25 
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2B 

26 

NAND OUTPUT! (-1-) 

17 

NAND OUTPUT 2(+) 

20 


J " 

RS. GROUND^ 6 



>R4 <R5 
t20K <2 4K 


R13 Q5 

>W^OI4-505r 

Q4 2.87K (CD445) 

/iA ±1% 


Q6MX 

0l4-505n 

(CD445) 


_J Q7 
014-364 
(CD438) 


rCR3 

3263014-10 J R7 Jpg 


^CR4 

[3263014-10 


>5IK >210 
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?6.I9K >|.5K 
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>RI8 RI9S 
>2K 125> 

r 

3W 


.-DRIVE OUTPUT (-) 


•NAND OUTPUT(+) 


REFERENCE DESIGNATION 
LAST USED 1 DELETED 


IRI9, 2RI9 


ICR6.2CR6 


R 1 


ICI, 2CI 


107, 207 


C4 





DO NOT SCALE DRAWING 

~ UKUSS OTMtRWIM tFUlfItO 
TOLERANCES 

CECiUALS ANGLES 

FREAK Aa SKARp“ EDGES APpioX XIO 
CLORE AND SPOTfACE COR?itR . 
ROUGHNESS OF fiiL MACHINED 
SURFACES 

PER MiL-STP-10 


I3M0238 

PARTIAL REFERENCE DESIGNATIONS ARE 
SHOWN. PREFIX THE REFERENCE NUMBER 
WITH THE CIRCUT NO. FOR COMPLETE DESIGNATION. 
ALL TRANSISTORS TO BE 3201 104-10. 

ALL DIODES TO BE 013- 599.CCD458). 

ALL RESISTOR VALUES ARE IN 0HMS,±5®/o, l/4W. 
ALL CAPACITOR VALUES ARE IN MICROFARADS, 
±20y«;20V. 

FOR ASSEMBLY SEE 3110237. 

NOTES; UNLESS OTHERWISE SPECIFIED. 

IAMPExI COMPUTER PRODUCTS COMPANY 1 

I f SS37 JEFFERSON BLVtX CULVER CITY, CAUFOfiNW LajJ 

SCHEMATIC- 
PHOTO AMPLIFIER TYPE C 


I3II0237 I TM-I I 


3110238 \r 





TYPICAL TRANSISTOR INSTALLATION 


ASSY f|] 

SER lijlYPEPHC 


umioNs 


ISSUE 

DESCRIPTION 

DRAfTSUAN 

DATE 

APPROVAL 

D 

ECN 164-E PROD 

AuiiU. 



L 

ECM 728Z 





.06 




i 




173-012 
2 PLACES 


Mi 





PART NO. 

REFERENCE DESIGNATION 

3201104- 10 

IQI, 2Q1,IQ2.2Q2,iQ3,2Q3,1Q4,2Q4- 

3263014-10 

1CR3.2CR3.ICR4, 2CR4 

013-599 

lCRI.2CRI,ICR2.2CR2,lck5,2CR5,lCR6.2CR6 

014- 3G4 

10,7 ,20.7 



014- 505 

IQ5,2QSj IQ6, 206 

030-438 

ICl. 2CI 

035- 989 

C2. C4 

037- 990 

Cl, C3 

041-394 

IRI, 2RI 

041-408 

IR3.2R3 

041-413 

IR6.2R6 

041- 430 

IRI5.2RI5 

041-463 

IPUI.2RI1 

04I-S08 

IR4, 2R4 

041-536 

IRS, 2R8 

04I-5G0 

1RI8,2RI8,1RI6.2RI6 

041-570 

IR5.2R5 

041-572 
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IR2.2R2 

048-173 

IRI2.2RI2 

048-973 

IRS, 2R9 

042-865 

IR13.2RI3 


O MARK PART NO. & NAMEPLATE 
INFORMATION PER MlL-STD-130. 


|31 10237 


9- 



7. 


6 . 

5. 

4 . 

3. 

© MARK ALLTEST POINT REF, NUMBERS _ 

.12 HIGH CHARACTERS > COLOR; WHITE PER 
MIL-STD-130. do not IMPRESSION stamp. I. 


PART NO. TO BE 3110237-10. 

TRIMPOTS NOT TO BE SUBMERGED IN WATER. 

SEAL PRINTED CIRCUIT SIDE ONLT WITH HUMI-SEAL 
type ibis COLUMBIA TECH CORP. OR EQUIV. 

PLUS SIGN ON CAPACITOR INDICATES POSITIVE. 
HEAVY LINE ON DIODE INDICATES CATHODE. 
COMPONENT DESIGNATIONS ARE FOR REFERENCE ONLY. 
ASSEMBLE PER PRODUCTION PRACTICES MANUAL. 
FOR ASSEMBLY SPECIFICATION SEE 3>II0239,ISS,'A' 
FOR SCHEMATIC SEE 3110238 , ISSUE C . 
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gj SEE TABLE I 

5. ALL TRANSISTORS TO BE 3201100-10. 

4. ALL DIODES TO BE 3ZG3024.-/0. 

3. ALL RESISTOR VALUES ARE IN OHMS iSy»j I/4W. 
2. ALL CAPACITOR VALUES ARE IN PICOFARADS t/O 
1. FOR ASSEMBLY SEE J//a /<S 7. 
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037-2/7 

04/-317 

5HS/39-/0 

OPEN 

OPEN 

OPEN 

041-256 

3H8Z07 -O! 

3Z630Z4-/O 

OPEN ^ 

037-2/7 

04-1-317 


ISSUE 

DESCRIPTION 

DATE 

DRAFTSMAN 

DATE 

APPROVAL 

A 

ECNA9P3 PPOO. 





5 

£CR 7 -V 



H, 


C 

ECA/S06/ 

i/Ai/u 




D 

£C/U 507-4 



UU(,fr 


E 

. ECN 5/53 



fc l-i. 



ECN 7081 

'%/a 





PflPT NQ. 

/par 

■ DE5/e//PT/QH5 

PPRT NO. 

PEP 

DE5/0NPT70M5 

320IIO0-/O 

Q/-C}^dl8-<S/Ci 
C3N- dn 

04/- 4/0 

^7 

3212093/0 

<3<i>,c77,5l// 

04/ - 450> 

/?34^P4ZjP43^£44 

3263024-/0 

CRI-CR8,C8I0, CR/I, 

CH/3-CR2Q,CR22-CE2i 

0226-CR23 

041-481 

R23^R24- 

041-433 

R3,R5,R%R/4,R/(, 

3263028-10 

CR3,CRlZ 

Q4/-507 

/219^ RZ7 

034-519 

04 

041-520 

/2/9,P20 

034-529 

C5^Ci^^C9^C/0 

Q4/-549 

P35 

034-678 

C7,C8 

04/- 5 50 

R40/'45/44/47 

037-990 

C/j 02j 03 

041- 56,9 

R3& 

04/- 27 a 

R6,^/2/2 

041-57/ 

R29,P32j/236, 

041-3/7 

/2/^R/7 

Q4/-584 

!?rs. yes/ 

04/-407 

£4! 

047-301 

R48,E49^/?SO 

04/-40Q 

R26,P2a, R30 

04/-53/ 

R/Q 

Q4/-409 

R//j 2 /a 

PART D 

P37 

PART A 

CR 2/ 


PART B 

CR 25 

PART C 

Cll 


3115-710-0.^ 


^ INSTALL PT. A THRU D PER TABLE I. 


^MARK PARTWO.^ klAMEPLATE 
IMFORMATIOM PER MIL-^TD- j 30. 

a.PAKT MO- SEE B/M 

7 . SEAL PPIUTEDOIPCUIT SIDE OWLV 
IVITH HUM/-5EAL irVFE /&/5 
trOLUU&IA -TECH. OR EIO^UIV. 


6. COMPONENT DESIGNATIONS ARE FOR KEF. ONLY. 
5. PLUS SIGN ON CAPACITOR INDICATES POSITIVE. 
4. HEAVY LINE ON DIODES INDICATES CATHODE. 


3. ASSEMBLE PER PRODUCTION PRACTICES MANUAL. 
2. FOR ASSEMBLY SPECIFICATION SEE 3 / \6>!6>3, 




I 


DCS?o 3 / /^ / ys 



tSSUE 

DESCRIPTION 

DATE 

EXUrnMAN 

DATE 

APPROVAL 1 

B 

BCA/ 7653 3500 



'i#. 


£_ 

ECN 8504 

•H<.7 


"(oh 

ISBES 

D 

£CAJ /OOJ8 




^ 1 


TIME DELAY 
OUTPUT 



REFERENCE DESIGNATION! 

LAST USED 

DELETED 

R62- 


C7 


CRI8 


015 



TABLE I 



ASSEMBLY 

FUNCTION 

COMPONENTS 



R 4 & R 7 

R 34 &R 57 



5116172-01 

75 , 112 . 5, 120 IPS 

2.4 K 

15 K+ l 7 o 

lOK 


3116173-01 

ALL SPEEDS 
TM-ll 

- 330 ^ 

± 30 / 0 . iw. 

l 6 . 2 Ki 1 % 

lOK 


3121468-01 

ALL SPEEDS 
TM-16 

330a 
±354, IW 

l 6 . 2 K±l 9 i 

25 K 


9. FOR REF ASSY SEE 3JI6I74 

INACTIVE. ASSy 3//6/72-/0 /S EEPIACED 
BY 3//6/73-/0 
7. TT?f)MSI3TCB P/^f Q/ 4-503 /0T/T TO CD44S, 
7-f?C>LE 

E PEL -mpA/S/STaPS 7~0£>E 320//Q4-EO 
4- PLL D/QDES 775 3E 0/3S^9>CcD458) . 

3. PLL PESrST'aP’ VPLUB:^ /// 

aPU !/4 M/. 

Z. PLL CRPRCITOJZ VBLC/35 PPE /M ~ , 

A//CPOF'P}PBDS,±2.a%j 20 V. 

J. rop PS5CM&LY ^EE TP&LE 1. 
AJa~TES: 


PROJ 


SUPER 

^/'Pl 



dhsmn/T 

'/zr/cC 




no. BOX 3SB, CULVER CITY.CAUn 


•SCHEMPTIC- 
JPEEL ^CPVO PEERMP-Ei 


I CODE ID£NT, NO. 

09150 


3 ! ! C. I 75 

/ 





I 


Dcsn 


►i 


TABLE I 


i3/M reference TF)£>LE \ 

A5SEMS>LY 

FUAJCT/OM 

PHRTR' 

frrt'd' 

FART C 

3! IdA 172-/0 

75, 1/2.5, 
/2Q /P^ 

04/-S70 

042-49! 

044 -G/O 

3111:^173-/0 

ALL SPEEDS 
TAt-/! 

04-7-706 

048733 

044-6/0 

JIBING e-O! 

ALL SPEEDS 
TM-tG 

047-70G j 

046-/83 

OSE-EE9 



3 I f (:o ly 4^ 

MVISIONI 


5J3 

DESOUmON 


I252JI 




c 

FCA' 76R.E Peo/? 

\SU-67\ 



\4/cF\ 


n 

~ 

ECM 6 SOU- 







£CA/ /0038 


1 





PART NO. 

FEFE/BE/YCE. /DE5/&/^RT/a/</ 

32OII0U-IO 

03,0iS. <06>. pa. 09, <9/0, 0/4 

0T4-5O5 

Q /. 04, Oi. on 0/2. 0/3, 0 /S 

32dy30Z4-/0 

C/E/.CR/Z,CR/5.CR/6> 

521^3025-/0 

C/B4, CRS OFS . 0/E<^ 

013-599 

'CPO, CRTCRIO, C/EH, CR/4, C/?/5,CE/74H6 

oaa-212. 

05 

034-359 

C7 

035-P89 

C2, 04 

03T-990 

d. C3 

037-/4S 

06= 

04/- 409 

R/l. /E/4. /E24, /E26.P39. R4/. R5/. RS3. RS5 

04!- 4/0 

RO. P/3. /P/5. RZl . R2 5. /P27.R4QR4Z.RS2.2S4 

041-412 

R/6> - ' ^ 

041-414 

R49 

04/-430 

/PSO. /^4=o 

04/- 482 

R28> 

04/--C07 

P/, R2 

04/-^// 

R/O 

04/ -5/9 

R30 

04/ -500 

R23 

04/-5&4 

P36= 

04/ -73 4 

F22 

04/-74O 

R25 

042-449 

P35 

042‘ 49/ 

R32 , RS5 

042-872 

W37 

043-340 

PS.R/2 

PART C 

RE. R5 

043-054 

P/7.H/5, P33. H4S, R47. RS6, RS& , RZ! - 

048-76=3. 

RC;=lt/76>2 

048-572 

P/S, R 20. ; • P46>. P48 ! 

04/-750 

R3.R43> 

048- 560 

R3S 

057-463. 

~^44 

PF/rr H 

P4. f?7 

PRRTb 

RB4, P57 

0/3-67^ _ 

creIcFs ■ 

32/3096-01 

Q2 


U/]/NACT/y'£. ASSr J//6/7S-/0 /S ' 

^ /?£TZAC£/? er 3//6/7S-/0 

^ MffRK PRRTNO. ^A/RMEPUTTE 
/A/r<DPMRnoM PER MIL-5TD‘/3Q^ 

^.PPRT KIO. TOBER5 Sf/Om OfJ B/M. 

а. SEPL PRINTED CIRCUIT SIDE'CA/LY 
ia/ith humiserl type I&IS 
CQLUM&/R TECH aCRP OR E^UtV, 

7. TRIMPOTS NOT TO BE SUBMERGED IN WATER. 

б. COMPONENT DESIGNATIONS. ARE FOR REF. ONLY. . 

. 5. PLUS SIGN ON CAPACITOR INDICATES POSITIVE. 



TYPICAL TRANSISTOR INST-' '.LATION 


4. HEAVY LINE ON DIODES INDICATES CATHODE. 

RiEinii’iiNci: 3. ASSEMBLE PER AMPEX STANDARDS 

2. FOR PERF SPECIFICATION SEE 3/ 

/NS7ALL PARTS A THRU C PLR TABU 1 . 1. FOR SCHEMATIC STL 3 ! I U ! ~7 5 • 

NOTES: 


DO NOT SCAIE DRAWING 
UNLESS OTHEEWISE SHCIFIEO 
DWENSIONS ARE IN INCHES 
icfCIMAlS TOLEEANCES yy.<oiEs 

jja±.Cl3Jcxx±, 0/0 




■5£E THOLE 

TtA-n 

NEXT ASSY. 

1ST USED ON 

1 APPUCATION j 











$ 


fTTriE 


RO. BOX 3BS, CULVBR CITY, CAUK 


CIRCUIT BORRD /Q55T 

REEL -5ERVO PRERMP-E) 


:OOE lOENT. NO. 

09150 


[KJTFJS 

3/ 7^/74 


t 















typical tramsistor 

IM STALL ATIOM 


J ^ " PC 3/1 " "" - - — w 

\ . lyVWlOHt 


ISSUE 

DESCRIPTION 

OfUFTSMAN 

DATE 

mtattL 


eCN 41.01 

4toA.b. 

i/nki: 

<rci^ 

B 

ECM 4482. 


Vq/fc5 


C 

ecKJ. 4-S04 



mm 

D 

ECM 4G91 


nJlfis 


E 

ECN 7113 


♦A/« 


F 

ECN 7337 




G . 

BCA/ 7673 




// 

£C^/ 6Q76 


3im 



D 


PART NO. 

REFERENCE DESiahJPTIONS 

PART NO. 

REFERENCE DESIGNATIONS 

PART P^ 

fRS, SRB 


IQ7.2Q7.IQ8.2Q8,lQ9,2Q9,iQi6,2(ilO 



IQ2,2Q2,1Q4.2Q4,KJ6,2Q6 


: 013- 5^ 

ICRI. 2CR1,ICR2. 2CR2, ICR3, 2CR3 


014-505 

105.205, iQa.ao'i 


014-597 

IQ.1,201 


PART 'E' 

1C1.2CIJC2,2C2 


PART D 

Cl.CE 


041-427 

1RI0.2RIO 


041-440 

IR13.2RI3 


041-443 ' 

TR30,2R30,1R22,2FL22 


041-492 

IR1.2R1 ... 


041-483 

IR0, 2R9,IR16,2RI6 


041 -515 

|R7,2R7, IR2.2R2 


041-560 

IR11,2R11,1R14,2R141 


|R2I,2R21,1R29,2R29, 


041- 570 

IR28,2R28,1R20,2R20 


041-750 

1 R3.2R3 , 1 R5.2R5, 1 R6. 2RG 


041-434- 

IR12.2R12,1RI^2RIS 


042-491 

IRI8.2Ria.lR26,2R26 


PART C 

1R23.2R23,1R31,2R3| 


044-476 

1R4.2R4 


047- 407 

lRe4,2R24,IR32.2R32 


PART A 

IR2S,2R25,IR\7. 2R17 


-PART B 

IRI9, 2R19. lRZ7, ZRr7 


13 /A//iC7/V£, /)ssr J//0/43 ~/0 
/S /?SPl /)€££) BY J//J/<SO-/0. 


^ INSTALL PART -A- 4^. . PART, is PER TABLE I. 

0 MARK TEST POINT REF. NUMBER., .12. HIGH , 

characters. COLOR; WHITE PER MIL- STD-130. | 31 


bo NOT IMPRESSION STAMP. 

MARK PART NO.^ NAMEPLATE INPORMATJONJpER MfL-5TCei30. 
9. PART NO. TO BE AS.SHOWN ON. SILL OF MATBP4AL . 

8. SEAL PRINTED CIRCUIT SIDE ONLY WITH HUMl-SEAL 
TYPE IB15 COLUMBIA TECH. OR EQUIV. 

53 trimpots not TO be submerged in water. 

G. PLUS SIGN ON CAPACITOR INDICATES POSITIVE. 

5. HEAVY LINE ON DIODE INDICATES CATHODE. 

4-, COMPONENT DESIGNATIONS ARE FOR REFERENCE ONLY. 

3. ASSEMBLE PER PRODUCTION PRACTICES MANUAL, 

2. FOR ASSY SPECIFICATION SEE3U0145. 

I. FOR SCHEMATIC SEE 3110144. 

NOTES : 




DO NOT SCALE DRAWING 


F ALL MACHINES 














Ampex 


AMPEX COMPUTER PRODUCTS COMPANY 


V «TFttSON BLva 


CIRCUIT BOARD ASSY- 
REEL SERVO DRIVER 


31 (5IG1 






RBVI50SJ 

ij oescRiprioN l/urr L 

I /^ 4 t - /^c Vy~M 


READ HCADS ' 

AIA1AI<TI y'N2!PZ 


♦ -^5 

TRAM El % 
HEAD GRD C 


{Write headW\ 

WilPl/^AlAIAIJZ 


AZA3(C0NTR0L ELECTRONICS) 


A! A I (TAPE DECK) 



S I C.TLEAD 

\^\3 ERASE 
k M HEAD 


p5 (OPERATOR CONTROL PANEL)} 
(REPJ , , ..I.,: 

TK f ^eEHOTCCtvAire) 


fV 20P//A 2A'3J’4 

RUN/SrOPC-/4)'^ 

\,4\FIAtD/e£^A(y4)^ 


^ j LO&/C. GRO I , 

// B 0 r(~) , 

n Eorc-) 

3 Ht/LO density STATUS (-/V) 

2 READY(-) A2AS 

' REMINDING (-) ORCUITS 

5 UNIT SELECT C-) 

t Hiyuo density (- iC-E) * 

' Zog/c g/co ~ ~~| 

Q REININO(-) ' 

9 BEINlNOt LOCKOUT (-) 


,a -I2\T LOGIC I 

SELSCTE REMOTE INO.f-H | 
,S REMOTE ll4DICATOft(4) 
14 local iNOICATOe. C-T) 

% SPARK 

g, SPARE 
21 SPARE 
. CHASSIS 6RO 


IVRITC ENABLE SikiCNO) , 
LOOP SENSE LAMP RET. ~ Jq 
[WOPSENSE m/D // 
PIKED 1 FEEDFMD H 

SENSORSS PEED OEV /£ 

\i.OOP SENSE REV 
FIXED SENSOR. PNR 14 

file sensor PNR /9 

(loop SENSE REV u 
FILE j FEED REV iQ 

SENSOR^ FEEDFWD ,g 

[Loop SENSE FND n 
LOOP SshsE LAMP PWR 

9 

POS PRESS, IN TL< j 

SPARC , 
SPARE. Z 

VACUUNt/POS PRESS. INTLK ‘ 

DOOR/AA INirLK " 

SNiELb (LO0 ICGRdT~ 7, 


BOJ/EOT SENSE LAMP PwR 

EOT SENSOR 24 

EOT SENSOR BET. 25 
BOT SENSOR, 2& 
BOr SENSOR RET. ZT 
BOT EOT SENSE LAMP RET. zg 

rare wc« 5 

PILE TACH RET. ^ 

FILETACH j, 


-ot o-»> aiiai£7 

-O^ IN RITE ENABLE 

-O^—O-A 

LOOP 5ENOC LAMP RET. 
n loop SENSE FNO A! A! V! 

a fbedfivd^a^^ a/aivz 

^!5 FEEDREV^^ AT^ AIAIV3 

lOOPSENSE EEV^^yrrc^ AlAIVS 
tl2V LOU/C ^ ~ 

~l2VLO<SlC 

2! LOOP SENSE REV AlAIVS 

^ FEEDREyc^^x::p AiAivo. 

IS feeoend'^ AIAHY7 

loop SENSE FTNcfZ^r ' ^^ AlAnAO 

22 LOOP SENSE LAMP^^p 

OCP INTLK. 

POS PRESS. INTLK posmVE 
_/ 5prer vacuum ppaSURf. 

*‘*'U 

-ofi. — 1 
p.7 X door/aaintu 

^ SHiao\_ PRESS. INTLK. 

TB4. 

-Jyl BOyPOT SENSE LAMP PNR 

VlEOrSNSOR AIAIV9 A^ ~~\ AIAIDS9 
\ EOT SENSOR BET. vS/ H ^ 

Pl BOT SENSOR AIAIV9 Cz) 

I Bor SENSOR eer. ^ ~l | 

BOT/EOT SENSE LAMP RET. | 

JO FILE TACH 


FIXED \ 
■ SENSORS 
AND LAMPS I 


PILE 

.SENSORS I 
AND LAMPS 


CONTROL. I 
INPUJ/'OUTPUT I 
CONNECTIONS ^Jjgy'^20J-l 


RUN/sTOP(-/4') ^ 5 
P!Nq/’REyC-/-0[^ R 
LOGIC GRD T 
MUTE ENABtC SJATUS(N(d N 
NRITE EIMOUSTAna(C) V 
WRITE ENABUSTATUSCNC) U 
LOGIC GRD P 
BOT (-) M 
EOTC-) N 
HI/lO OENStTY SKTUSHD C 
REACXr(-) B 
REWINDINGf-) A 
UNIT SELECTf-) £ 
SELECT $- remote IND(4) F 
HI/'LO OENSITYC-/4) H 
LOGIC GRD L 
REWINOf-) J 
REWIND (. LOCKOUT (-) K 
SELCCTC-) D 
LOGIC GRD X 


■A2A3JI -IS- 
- t -14- 


CONNECTIONS TO 

^ REAg/lNRITE 
W2IJ-I/^4J4 HEAD ASSY 


A4cBi(aROJiT breaker) 

25Aj2SO\Y 


\ -r READ DATA 9 
head GRD 


J C write DATA / 




U S V VI ^ HI 


AIAZ (AUTOTRANSFORMER 
ASSY) 


-i- R WRITE DATA 9 
5- M C.T. LEAD 

J hot\ erase 
LL K GRDjHEADPWR 
^ ■4-' COMMON SHIELD GRD 


I 


AC POWER HOT 
AC^PWRCOMMO!^ 


Z9 SPARE 
G OCR reset (4) 

30 SPARE 
3 remote PB (4) 

3 LOCAL PB(i) 

•i STOP PB(4) 

22 OCP ENABLE (4) 
// REWIND PB (4) 

,0 REVERSE PB(4) 
Q FORWARD PB(4) 


A2A3JI/WBP! 

-i2v LOGIC ^ 

n 

LOGIC GRD 9 -TT-- 

5PARE „ |.|, . I 

REEL SERVO RELAY 

FILE FWD 5 ZllZ _ 

file rev 4 

FINCD FWD to - 

RELAY GRD ^>^^0 REY g 

CAPSTAN SERVO RELAY 

CAPSTAN VELOCITY , I 

CURRENT SENSE g 

CURRENT SENSE RET, 2 - - 

4J5V unpeg is -I- 

-35V UNPEG ,9 

CAPSTAN CONTROL 4 

CAPSTAN CONTROL BET. 7 

■■■■•stf/giro lo Jr S 

(U?G!C GRD) _ 




waPi A2A2 J2 

f'YZ] LOGIC 

^ 4I2YLOGIC 

J. LOGIC GRD 

Pf , SPARE 

ZH i SPARE 

REEL SERVO RELA Yi 

£ FlU FWD I 

n FILE REV 

FIXED FWD ‘ 


AZAZ (REEL SERVO . 

A2A2 Circuits 


AS5'Y) 


^Srop/Bmi 

\PWR SUPPLY \ \ 

REEL SERVO READY !0V 


FIXED REV I 

RELAY GRD 

, capstan SERVO RELAY 

CAPSTAN VELOCITY 

, CURRENT SENSE 

CURRENT SENSE RET.CloGiC GRD) 

f3SV UN REG 

-35V UNREG 

, CAPSTAN control 

capstan control RET. ^ 


I VazSf! 

' GA,2S0V 




ACPNR'^ 
I COMMON 

acpwrhot^ I 


P REEL BRAKE PNR( TAPE LOAD) g 
8,5 SRAee 

P 9H REE. BRAKE PWR ^ 

Z REEL SERVO GRD H 
SPARE d 

^ RELAY J 

^ r ROWER ■7 
\smYy 

\ reel MOTOR PWPC4) g. 

REEL (fixed FWD U 
FIXED m/ ^ 
FILE FWD T 

1 file REV K 

FIXED REEL brake RKT. V 
F/XED keel BRAKE RET. ^ 

REEL BKAKE PWR INTLK X 

I ^ARE n 

I SHIELD 


AIA2TBiCR£F) 
H2V RELAY ... 


AIA2KZ JL 
DOOR INTLK \ \—f 
OVERRIDE U— 

AIA2KI r-L—oi— 

noV tape o2_ 

/05 V ^OXOYt— 0 

/OOV 90 </-/ 

eSV AIA2F4- I __o 


7 hurLKOVERRtDtREUY 


- » -!Z- 

AIAITB4 _/j 


-A2A4Ji-3 - 
-A2A4JI- 1 - 
-A2A4JI-2- 


CHA3SI3 GRD 
AC PWR HOT 
AC PWR COMMON 


-A2A2TBI-IO _ 
-A2A2TBI-I3 - 
.^AZAZTB! NG. 


-A2A3TB! - /2 " 

-I nsv\ 


AlAiFl^f-^lOA) I 2 ^i^2F3(GA) 


wi9P{/aia9Ji a iasCvacuum blower) . 

ftri 1 

Z AC POWER COMMON <Zy\ 

f CHASSIS GBP I 


AIA2BI 

positive 

A!A2F2(3A) PBESSUKE ^ 
^ ^ unit 



CONSTANT} 
I CURRENT I 

I \ 


III r \cu/^LY 

tiREGuureo J 435 V unre 

POWER SUPPLY I A2AIF3 
I 3A,250V 


A2AI (CAPSTAN SERVO ASSY) 


CONVENIENCE OUTLETS 


. A2AG CCABinE T BLoim eR. 


AIAITBI 

-IZV LOGIC 

+ IZV LOGIC 

o| LOGIC. CRD 

oj SPARE 

®7 SPARE £££^ BEAKC PWR (TAPE LOAD) 

-O 4 SPARE p^sEL BRAKE PWR 

ZZ_ot H Reel servo grd 

?9 REL.A Y CRO 

i-l2V RELAY 


REEL MTR PWR (4) 

til " — 

^ FIXED FIVO rrwx 

FIXED REV 

— E!.l-8 FWD 

g FILE REV 

q/ fixed reel brake ret'^ 

^ FILE NEEL BKAKE RET 


REEL BRAKE PWR INTLK. 


CAPS TON DRIVE 

wn MOTOR 0IRIB3 


OVERRIDE 

I AIAIS2 & 

, DOOR - 

INTLK i 

I AIAIE2 [5] ^ 

1 ZaiaiRI Is V 

< lOOK. fi « 

J g CHASSIS § G 

I A/AIEll URD I 3 ® 





nil MOTOR W/TH F/ELO SUPPLY USED OW TM-/?. MOrCR 
W/THOUT F/ELO SUPPLY USED OAV T/V? -//. 

CONNECTIONS BETWEEN TERMINALS 2 AND 3 AND TERMINALS 4 AND 5 
OF TERMINAL BOARD A2A6TB1 ARE USED FOR 115-VOLT OPERATION. 
TERMINAL 3 IS CONNECTED TO TERMINAL 4 FOR 230-VOLT OPERATION. ; 

DOOR -INTERLOCK SWITCH A1A1S2 SHOWN IN THE DOOR-CLOSED POSiriONj 


L 8 J CONNECTIONS BETWEEN TERMINALS 7 AND 8 AND TERMINALS 9 AND 10 
OF TERMINAL BOARD A2A1TB1 ARE USED FOR 115-VOLT OPERATION. 
TERMINAL 8 IS CONNECTED TO TERMINAL 9 FOH 23 O-VOLT OPERATION. 

CONNECI IONS BETWEEN TERMINALS 10 AND 11 AND TERMINALS 12 AND 
13 OF TERMINAL BOARD A2A2TB1 ARE USED FOR 115-VOLT OPERATION. 
terminal 11 IS CONNECTED TO TERMINAL 12 FOR 230-VOLT OPERATION, 

^ CONNECTIONS BETWEEN TERMINALS 4 AND 5 AND TERMINALS 2 AND 3 
OF TERMINAL BOARD A1A2TB1 ARE USED FOR 115-VOLT OPERATION. 
TERMINAL 1 IS CONNECTED TO TERMINAL 2 AND TERr I .'AL 3 IS CON- 
NECTED TO terminal 4 FOR 230-VOLT OPERATION. 

[ 5 I RELAY A2A4K1 01 IS NORMALLY DEENERGIZED AND THE HOLD CIRCUIT I 
SUPPLY IS SHORTED OUT. WHEN A POvVER SUPPLY FAULT IS SENSED, ' 
THE FAULT SENSE LINE GOES NEGATIVE A CHARGES CAPACFTOR j 

A2A4C109; RELAY A2A4K101 IS ENERGIZED BY TH*-. VaTAGE ACROSS j 

THE CAPACITOR AND THEN HELD ENERGIZED BY THE HOLD CIRCUIT ' 

SUPPLY. T.HE RELAY REMAINS ENERGIZED UNTIL THE AC INPUT POWER ' 
IS REMOVED FROM THE ASSEMBLY. 

CONNECTIONS TO TRANSFORMER A2A4T101 AND -RATING OF FUSE 
A2A4F101 ARE .FOR 115-VOLT OPERATION. SEE t)WG. NO. 3109852 
FOR CONNECTIONS AND FUSE RATING USED FOR' OPERATION AT OTHER 
VOLTAGES. • ^ 

m CONNECTION BETWEEN TERMINALS 10 AND 11 OF TERMINAL BOARD 

A4TB1 IS USED FOR 115-VOLT OPERATION. TERMINAL 11 IS CONNECTED 
TO TERMINAL 12 FOR 230-VOLT OPERATION. 

[il FWD/tlEV WHEN RUN/STOP LOGIC IS USED. REV/STOP WHEN FORWARD/ 
STOP LOGIC IS USED. 

n RUN/STOP WHEN RUM/^TCP LOGIC IS USED. FUD/STOP WHEN FORWARD/ 
STOP LOGIC IS USED. 
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